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TEMPERATURE RELATIONS OF STONE FRUIT FUNGI 


By CHARLES Brooks and J. S. Coo.ky, Pathologists, Fruit Disease Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 


The two fungi that cause the heaviest market losses on peaches and 
other stone fruits are Sclerotinia cinerea (Bon.) Wor. and Rhizopus 
nigricans Ehr. The former is often referred to under its conidial name 
of Monilia and is the cause of brown rot, while the latter is the cause of 
black mold rot. 

The present paper gives the results of investigations in regard to the 
temperature responses of these two fungi under various conditions of 
growth. 

In all the experiments except that reported in figure 1 the spores 
were inoculated into the fruit from pure cultures. Except where other- 
wise stated the cultures were obtained from the host into which the 
inoculations were made. The fruit was warm when inoculated but after 
inoculation was placed in moist chambers and stored at once at the 
temperature indicated. Five or more peaches or prunes were used at 
each temperature in each test. The fruit was at the proper maturity for 
picking and shipping and was carefully selected for quality and sound- 
ness. In dividing the fruit into lots for distribution at the various 
temperatures uniformity was secured by selecting seven peaches or 
prunes (or as many as there were temperatures) that were similar in size, 
color and degree of maturity and distributing these one each in seven 
moist chambers and repeating the process till the desired amount of fruit 
was obtained. 

Records were made of the diameters of the rots at intervals of one or 
two days, and the average of all the rots at a given temperature on a 
particular date was taken as a basis for plotting the curves in the accom- 
panying figures. The equipment used in securing the various tempera- 
tures has been described in an earlier publication.’ 


SWEET CHERRIES 


In 1919 a temperature experiment was made on Governor Wood 
cherries. ‘These had been shipped by express from Wallingford, Conn., 
to Washington, D. C., and arrived somewhat bruised and with considera- 
ble brown rot. The specked and rotten cherries were discarded, but the 
slightly bruised ones were included in the experiment. The cherries | 
were divided into five equal lots and distributed without inoculation at 





1 Brooks, Charles, and Coo.tgy, J.S. TEMPERATURE RELATIONS OF APPLE-ROT FUNGI. /m Jour. Agr. 
Research, v. 8, no. 4, Pp. 139-164, 25 fig., pl. 1-3. 1917. 





Journal of Agriculture Research, Vol. XXII, No. 9 
Washington, D.C. Nov. 26, 1921 
aap Key No. G-256 


75308—22 











452 Journal of Agricultural Research Vol. XXII, No. 9 





five different temperatures.' After 10 days’ storage notes were taken 
and results obtained as shown in figure 1. 

All of the cherries at 15° and 20° C. were partially or entirely rotten 
and nearly all of those at 10°. At 5° sixty-six per cent were affected, and 
at o° thirty-four per cent. The results show the great inhibiting effect of 
low temperatures but perhaps give greater emphasis to the extreme diffi- 
culty of controlling Monilia rot at any temperature when the fruit has 
already received bad treatment and an opportunity has been given for 
the rot to pass through its initial stages while the fruit was warm. 


PRUNES 


But one temperature test has been made on prunes. The fruit was © 
from Wenatchee, Wash., and was shipped from that point in a pony 
refrigerator August 31, 1920, arriving in Washington, D. C., in good 
condition 13 days later. Inoculations were made with Monilia and 
Rhizopus, and the fruit was distributed at once to the various tempera- 


tures. Figure 2 shows the development of the rots 5 days after inocula- 
tion. 


PEACHES 


A large number of temperature experiments have been made with 
Monilia and Rhizopus on peaches. The Carman, Belle, and Elberta 
peaches used in the 1918 experiments were purchased in the Washington 
market. ‘The Belle and Elberta used in 1919 were from Rockville, Md., 
and the experiment was started the day after they were picked. The 
Carman and Belle peaches used in 1920 were from Vienna, Va., and were 
inoculated the day after they were picked. ‘These peaches were slightly 
greener than those of the other experiments. 

The curves of the various figures show very great uniformity. The 
Rhizopus cultures from peaches gave results similar to the cultures from 
cherries and strawberries, both in temperature response and in rapidity 
of rotting. 

An interesting contrast is seen between the behavior of the fungi on 
peaches and on dextrose potato agar. A comparison of figures 3, 4, 5, 
and 6 with figure 7 shows that Monilia has grown just as freely at the 
higher temperatures and much earlier and more rapidly at the lower 
temperatures when grown on peaches than when on agar. At 10° C. rots 
usually became evident on the fruit within 3 days, while on the agar there 
was practically no growth at the end of 7 days. At 5° the rots were well 
started in 6 days, while the agar colony had scarcely made an equivalent 
growth at the end of 14 days. At 2%° the rots made a start in 8 to 12 
days, but there was no evidence of growth on the agar at the end of 20 
days. Acomparison of figures 8, 10, 12, 14, 15, 16, and 17 with figures 9, 
11, and 13 shows that the reverse condition holds with Rhizopus. This 
fungus made a more rapid growth and developed at lower temperatures 
on the culture media than it did on the fruit. On both food materials it 
had its most rapid growth at 30°. With the culture media the growth at 
20° and 25° was but little slower than at 30°, but on the peaches the 
growth at 20° fell far behind that at 30°. At 15° and also at 10° the 
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FG. 1.—Natural infections of brown rot on Governor Wood cherries. The base line shows the temperatures 
and the perpendicular the percentage of cherries affected with brown rot. 
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Fis2.—Monilia (solid line) and Rhizopus (broken line) on Italian prunes. Temperature is indicated’on 
the base line and diameter of rot on the perpendicular. 
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FiG. 3—Monilia on Elberta peaches. Experiment started August 20, 1919. 
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Fic. 4.—Monilia on Belle peaches. 


g 


Experiment started August 27, 1919 
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Fic. 5.—Monilia on Carman peaches. 
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Fic. 6.—Monilia on Belle peaches. 
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Experiment started August 28, 1920. 
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Fic. 7.—Peach Monilia on potato agar with 2 per cent dextrose added. In Petri plates. Experiment 
started November 22, 1918. 
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Fic. 8.—Peach Rhizopus on Elberta peaches. Experiment started August 23, 1918. 
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Fic. 9.—Peach Rhizopus on potato agar with 2 per cent dextrose added. Experiment started November 
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Fic. 1o.—Cherry Rhizopus on Elberta peaches. 
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Fic. 11.—Cherry Rhizopus on potato agar with 2 per cent dextrose added. Experiment started November 


8 


8 


8 


LMM ETER OA. — ee 


7) 


22, 


1918. 






































prors , _— 
EV 
ly Ng Fame 
a 


70 1S £0 
DECRELS CENTIGRAOE 


Fic. 12.—Strawberry Rhizopus on Elberta peaches. Experiment started August 23, r9r8. 
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Fic. 13 —Strawberry Rhizopus on potato agar with 2 per cent dextrose added. Experiment started 


November 22, 1918. 
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Fic. 14.~Peach Rhizopus on Carman peaches. Experiment started August 1, 1918. 
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Fic. 15.—Peach Rhizopus on Belle peaches. Experiment started August 27 1919. 
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Fic. 16.—Peach Rhizopus on Carman peaches. Experiment started August 5, 1920. 
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Fic. 17.—Peach Rhizopus on Belle peaches. Experiment started August 28, 1920. 
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growth started earlier and proceeded more rapidly on the agar than on the 
peaches. The fungus finally made a slow growth on the agar at 5°, but 
on peaches it made no growth at this temperature and with the exception 
of a few overripe peaches none at 714°. 

These contrasts in the behavior of the two fungi can probably be partly 
explained by the fact that Monilia is a parasite and adapted to growth on 
living material, while Rhizopus is a saprophyte and suited to growth on 
dead material, like the agar or inactive living material such as overripe 
fruit. It is interesting to note that with both fungi unfavorable 
food material and unfavorable temperatures work together in delaying 
growth, one unfavorable factor adding to the other in delaying or inhibit- 
ing activity. 

A study of figures 3, 4, 5, 6, 18,,and 20 gives a detailed idea of what 
can be expected of Monilia rot at any transportation or storage tempera- 
ture. The results in the last two figures have been obtained by averag- 
ing those of the first four figures and therefore stand as a summary of 
the various experiments. With fruit that is infected with brown rot 
(Monilia) 3 days at 15° C. would result in heavy losses, 3 days at 10° 
would mean badly specked fruit that would go down rapidly at that 
temperature and that would be entirely destroyed by a day at a higher 
temperature. Brown rot cannot get started in 3 days’ time at 71%°, but 
by the end of the fourth day fruit at that temperature may be specked with 
rot. In 6 days the fruit at 5° may be spotted, in 9 to 12 days growth 
may be evident at 21°, and at the end of 3 weeks rots may have started 
at o°. Brown rot does not develop rapidly at the lower temperatures 
even when well started, yet its later growth is inhibited far less than its 
initial stages. 

A study of figures 8, 10, 12, 14, 15, 16, 17, 19, and 21 shows that 
Rhizopus has more decided temperature limitations than those that 
have been pointed out for Monilia. The results in the last two figures 
have been obtained by averaging those of the first seven and therefore 
stand as a summary of the various Rhizopus experiments. At 15° and 
20° C. the growth rate of Rhizopus rot is practically the same as that of 
Monilia rot, Rhizopus being a trifle more rapid at 20° and Monilia just a 
little more rapid at 15°. At 10° Monilia rot develops more than twice 
as fast as Rhizopus rot, and at 714° Rhizopus is practically eliminated. 

Whether Rhizopus could make any start whatever at 714° C. seemed 
to be determined mainly by the maturity of the fruit. The curves of 
figure 15 show that Rhizopus had not made a start at 714° in 11 days. 
The peaches at that temperature were still free from rot at the end of 14 
days, were removed to a warm room at that time, and were entirely 
rotted with Rhizopus 2 days later. The results show that the fungus 
was held completely in check at 714° but was alive and ready for rapid 
development when given a more favorable temperature. With the ex- 
periments reported in figure 17, Rhizopus had produced evident rotting 
at 7%° in 6 days. At that time only the ripest peaches were affected, 
but at the end of 12 days rots began to develop on the greener peaches. 
When once started at this temperature Rhizopus rot made a fairly rapid 
growth. The results as a whole show that with the usual number of 
days in transit for most peach shipments Rhizopus can produce little or 
no damage at 10° and none at 7%°. 

Figures 3 to 21, inclusive, show the development of the rots when the 
fruit is stored at the given temperatures immediately after inoculation. 
Figures 22, 23, and 24 show the effect of 1 day’s delay at a higher tem- 








Fic 











Nov. 26,1921 7 emperature Relations of Stone Fruit Fung 461 





perature than that at which the fruit was finally held. A study of the 
figures brings out the facts that with Monilia 1 day at 25° C. followed by 
1 day at 10° results in as large spots as 5 days at 10°; 1 day at 20° 
followed by 1 at 10° results in as large spots as 4 days at 10°; 1 day at 
25° followed by 1 at 714°, in as large spots as 6 days at 734°; 1 day at 
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Fic. 18.—Monilia on peaches. A summary of the experiments on brown rot obtained by averaging the 
percentages of figures 3, 4, 5, and 6. 


25° followed by 1 day at 5°, in as large spots as 10 days at 5°; 1 day at 
25° followed by 1 day at 214°, in as large spots as 12 days at 2%°. It 
will also be seen that with Rhizopus 1 day at 25° followed by 1 day at 
10°, or 1 day at 15° followed by 4 at 10°, results in larger spots than 7 


‘ days continuously at 10°. 
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Fic. 19.—Rhizopus on peaches. A summary of the experiments on Rhizopus rot obtained by averaging 
the percentages of figures 8, 10, 12, 14, 15, 16, and 17. 


Peaches inoculated with Monilia and promptly cooled to 214°, 5°, 7%4°, 
or even 10° C. have had but little or no rot at the end of 3 or 4 days, but 
similarly inoculated peaches delayed at 25° for 1 day before storing at 
these lower temperatures have developed so much rot by the end of the 
fourth day after inoculation that they were commercially worthless. 
Peaches inoculated with Rhizopus and promptly cooled to 10° have been 











462 Journal of Agricultural Research - Vol. XXII, No.9 





WW 


DEGREES CENTIGRADE 


Fic. 20.—Monilia on peaches. The drawings represent the average of the results from the various experi - 
ments. The shaded portions indicate the extent of the decay. The upper series shows the size of the 
rots at the various temperatures after 3 days, the second series the size after 6 days, and the third the 


size after 12 days. 
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Fic. 21.—Rhizopus on peaches. The drawings represent the average of the results from the various experi- 
ments. The shaded portions indicate the extent of the decay. The upper series shows the size of the 
rots at the various temperatures after three days and the second series the size after six days. 
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Fic. 22.—Effect on Monilia rot of one day’s delay at 25°C. The base line shows the number of days after 
inoculation and the perpendicular the diameter of the rots. 


of the rots at the temperatures indicated at the end of the lines. 


The curves show the rate of development 


The dotted lines give the results on the 


fruit placed at once at the given temperatures and the solid lines the results on similar fruit delayed one 
day at 25° before placing at these temperatures. 


Elberta peaches, August 20, 1919, 
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entirely free from rot at the end of 6 days, while similarly inoculated 
peaches delayed for 1 day at 25° before storing at 10° have been almost 
entirely rotten at the end or 6 days, and those held at 15° before storing 
at 10° have been considerably damaged by the end of 6 days. 

The results show the great value of low temperatures in controlling 
peach rots and the extreme importance of securing these temperatures 
promptly. It is evident that in unfavorable weather success with 
long-distance shipments requires not only a low car temperature upon 
arrival at destination but a low temperature from the time the peaches 
are packed and as much coolness as possible from the time they are 
picked. It is not an unusual thing for peaches to remain at the pre- 
vailing seasonal temperature for a day or more before being loaded into 
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Fic. 24.—Effects on Rhizopus rot of one day’s delay at 25° or 15° C. before storing at 10°. The base line 
gives the number of days after inoculation and the perpendicular the diameter of the rots. The curves 
show the development of the rots under the particular storage treatment. 


the car, and with most makes of refrigerator cars and the usual methods 
of icing it is likely to be one or two more days before a really protecting 
temperature is secured. The fruit in the top layers is often still above 
10° C. after several days in transit. Prompt loading, better refrigerator 
cars and heavier icing, particularly during the first part of a trip, would 
contribute greatly to lengthening the life of stone fruits; but the experi- 
ments that have been reported show that there would still be a gap that 
would sometimes result in heavy losses of fruit and that could only be 
filled by some method of precooling. 

One of the unfortunate things in regard to delayed cooling is that 
its harmful effects may not be immediately evident. Peaches may ap- 
pear practically sound after a delay before loading and cooling and yet 
that delay may have allowed the rots to make a start that will require 








line 
irves 


ods 
Hing 
ove 
ator 
yuld 
yeri- 
that 
r be 


that 
ap- 
yet 
juire 





Nov. 26,1921 Temperature Relations of Stone Fruit Fungi _ 465 





that the temperature be held several degrees lower or that the destina- 
tion be selected several days nearer in order to insure the delivery of 
sound fruit. 


SUMMARY 


(1) A temperature of 10° C. (50° F.) has held Monilia in check for one 
or two days and Rhizopus in check for three days. A temperature of 
744° C. (454° F.) has held Monilia in check for three days and Rizopus in 
check for six or more days. A temperature of 5° C. (41° F.) has held 
Monilia entirely in check for four days, and 2%4° C. (36%4° F.) has held 
it in check for six days. 

(2) Low temperatures have resulted in relatively less inhibition of 
growth with Monilia when grown on peaches than when grown on potato- 
dextrose agar, and a relatively greater inhibition with Rhizopus when 
grown on peaches than when grown on potato-dextrose agar. Both 
fungi have grown at lower temperatures on ripe fruit than on green fruit. 

(3) Peaches stored at 10° C. (50° F.) immediately after inoculation 
have been three to five days slower in developing rot than those delayed 
one day at 25° C. (77° F.) before storing at 10° C. (50° F.). Peaches 
stored immediately at 714° C. (454° F.) have been five days slower in 
developing brown rot than those delayed one day at 25° C. (77° F. 
before storing at 744° C. (454° F.). 
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TRANSPORTATION ROTS OF STONE FRUITS AS 
INFLUENCED BY ORCHARD SPRAYING 


By CHARLES Brooks and D. F. Fisuer, Pathologists, Fruit Disease Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 


The present paper reports the pathological results of five years’ ship- 
ping and storage experiments with green prunes and sweet cherries and 
is an attempt to demonstrate certain underlying facts that help to place 
the responsibility for transportation and market losses in perishable 
fruit shipments. Sprayed fruit and dusted fruit have been compared 
with untreated fruit from the same orchards under various transportation 
and storage conditions. 

Spoilage of fruit has been almost entirely due to Monilia or brown rot 
[Sclerotinia cinerea (Bon.) Wor.], blue mold rot [Penicilliwm expansum 
(Lk.) Thom], and black mold rot [Rhizopus nigricans Ehr.]. Monilia 
attacks the fruit both in the orchard and on the market, but Penicillium 
and Rhizopus are able to develop only on the harvested fruit. 


SPRAYED AND UNSPRAYED SWEET CHERRIES IN TRANSIT AND IN 
STORAGE 

The shipping experiments on cherries were made from the orchard of 
L. T. Reynolds of Salem, Oreg. The varieties used were Napoleon 
(Royal Ann), Black Republican, and Lambert. Various standard spray 
materials were used on the different orchard plots, including 2-4-50 
Bordeaux plus 2 pounds of rosin fish-oil soap, 8—8—5o0 self-boiled lime- 
sulphur plus 2 pounds of rosin fish-oil soap, and commercial lime sulphur 
diluted 1 to 50. In the 1919 experiments a neutral Bordeaux (4 pounds 
copper sulphate in 100 gallons water neutralized with lime) was substi- 
tuted for the 2-4-50 Bordeaux, a casein spreader ' was added to the lime 
sulphur solution, and one plot was treated with 85-0-15 ? sulphur dust. 

In 1915 sprayings were made May 7 and 8 and June 1; in 1916, April 1, 
April 21, May 12, and June 15; in 1917, April 25, May 14, May 31, and 
June 22; in 1918, April 15, May 2, May 17, and June 18; and in 1919, 
June 7 and June 16. The earlier applications (before May 10) were for 
the control of blossom infection and probably had little effect upon the 
occurrence of rot on the ripe fruit. 

In 1915 and 1916 there was practically no foliage injury from anv of 
the spray materials used, but in each of the following three years very 
definite injury occurred on particular plots. In 1917 and 1918 lime 
sulphur caused heavy defoliation, and in 1919 Bordeaux produced con- 
siderable foliage injury. All of the spray materials, with the possible 
exception of neutral Bordeaux, reduced the size of the cherries. In most 
years this was scarcely perceptible, but in 1917 the dwarfing effect was 
sufficient to cause considerable loss. ; 

The cherries of the Willamette Valley are often seriously damaged with 
brown rot, yet during the five years’ work at Salem there was not a 
season in which the experimental orchard had as much as 1 per cent of 
rot at picking time on either the sprayed or unsprayed fruit. 

Shipping experiments were made each year to determine the effect of 
the orchard treatment upon the carrying quality of the cherries. One 





8 rdgaeren D. F. CONTROL OF APPLE POWDERY MILDEW. U.S. Dept. Agr. Farmers’ Bul. 1120, 14p., 
ig. 1920. 

! The formula is given in sulphur, lime, arsenic sequence: 85 parts sulphur, no lime, and rs parts 
arsenate of lead. 
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or more 10-pound boxes of sound cherries from each plot were included 
in each shipping test, thus giving a minimum of approximately 1,000 
cherries upon which to base any item of a count. 

All the shipments were made by express, a part without ice and a part 
in pony refrigerators. ‘The refrigerators held sixteen 10-pound boxes of 
fruit. They were well insulated and when properly iced maintained a 
temperature of 10° to 13° C. (50° to 55.4° F.), usually bringing the warm 
fruit down to this temperature in less than two days. 

The results of the various shipping experiments are given in Tables I 
to VI and a summary in figure 2. 


TABLE I.—Effect of spraying Napoleon! and Black Republican? cherries, Salem, 

















Oreg., 1915 
Condition of fruit after shipment and storage. 
Percentage AE thers At ee ARAL AEN 
| of | 
Variety. Orchard treatment. Monilia at Percentage of rot. | Percentage 
picking | of 
time. 1 | sound 
Monilia. Penicillium.) Rhizopus. | fruit. 
| 
—_——— ——- | ———_____ - _ — en = —_—— mn — — STi St t — 
Napoleon | Bordeaux.............| 0. 2 10. 6 | 3-8 | | 88. 9 
Self-boiled lime sulphur ia eee Co ee Oe 38.1 
Co eee 2 52.1 | 73} 202. | 20.4 
Biatk= | DOMegux. ...... 04.055. . 03 6.75: | ae ae 4.8 | 93,3 
Repub- | Self-boiled lime sulphur 07 2.0 | 10. I 1. 6 | 86. 3 
lican. | Commercial lime sul- .05 7.8 | 12.1 03 | 80. 1 
hur. | 
UCR . 0.5 sis..6 d:cacates . 03 17.3 | 4.7 1.3 | 97-7 








1 The Napoleon cherries were picked June 17, stored at 5° C. (41° F.) on June 18, removed and shipped 
by express without refrigeration June 27, received at Wenatchee, Wash., June 29, still practically free 
from rot, and held in a warm laboratory till July 2, when notes were taken. 

3 The Black Republican cherries were picked June 24, stored at 5° C. (41° F.) June 25, removed and 
shipped by express without refrigeration June 27, received at Wenatchee, Wash., June 29, still practically 
free from rot, and held in a warm laboratory till July 6, when notes were taken. 


TABLE II.—Effect of spraying Napoleon ' and Black Republican ? cherries, Salem, Oreg., 
IgI6 





Percentage of rot after shipment 











| ond storage. | thd sate 
Variety, Orchard treatment. ie eis | 3H ii see bsy ~| of sound 
Monilia. boa Rhizopus. | fruit. 
F Looe eel ees igh bee ets tole vee Dug aire 
| 
Napoleon..... | Fn EEE EE IE, 12.6 | 7: 4 ° | 80. 0 
| Self-boiled lime-sulphur. . . . 40. 5 | 12.0 3.7 | 43.8 
Commercial lime-sulphur. . . 21.5| 16.2 2.4 | 59-9 
Commercial lime - sulphur 64. § | 4.1 20.0 II.4 
(last spraying deans | 
Untreated . Sabhe 80. 8 | 16. 7 ° 2.5 
— Repub-  Berdewae ys. 2. ooo et 19. 6 | 4.0 1.1 | #8. 3 
ican. | 
Self-boiled lime-sulphur. . . . 24.7 | 7 3 | 74.3 
Commercial lime-sulphur... . 14. 2 | 14. 2 .6 71.0 
Commercial lime - sulphur 36.9 | .8 -2 62.1 
(last = ing omitted). 
Untreated . ji ae 35.0 | <a ° 64.9 














! The Napoleon cherries were picked. July 3, stored at 5° C. (41° F.) July 4, removed and shipped by 
express without refrigeration July 6, received at Wenatchee, Wash., July 8, and held in a warm laboratory 
till July 20, when notes were taken. 

2 The Black Republican cherries were picked July 6 to 10, stored at a temperature of 5° C. (41° F.) till 
July 14, shipped by express without refrigeration to Wenatchee, Wash., received July 16, and held in a 
warm laboratory till July 21, when notes were taken. 
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TaBLE III.—Effect of spraying Napoleon ' and Lambert ? cherries, 1916 





Percentage of rot alter shipment and storage. 

















On Napoleon. | On Lambert. 
)rchard treatment. ‘ill lee RR So a no aad 
July 12 July 13 July 22 
Monilia. | Other rots.| Monilia. | Other rots. Monilia. | Other rots. 
= See =m eb _| = 
Bordeaux. : 2.2 0. 2 6.0 | 0. 8 5.6 4.7 
Self-boiled lime-sul- | 
OR TO BOU Re eee II. 0 | ° P| I.2 % 3 1.6 
Commercial lime-sul | 
Se eer ee 4.0 ee F 1 hi 8 7.0 11.6 
Commercial lime-sul- | 
phur (last spraying | 
ro. ) ee 8) ° 9: 5 | 1.8 a9 12.0 
Se ere 14.8 | es 37-7 e 1. 6 21.0 3.6 











1 The Napoleon cherries were picked ies 5 vail shipped i in pony perenne the same day, received in 
Washington, D. C., July 12, with ice pans empty and fruit warm, and held without cooling till July 1 

2 The Lambert cherries were picked July 14 and shipped in pony refrigerators the same day, receive ‘in 
Washington, D. C., July 21, and notes taken on July 22. 


TABLE 1V.—Effect of spraying Napoleon,’ Black Republican,? and Lambert® cherries, 
1917 


Percentage of rot alter shipment and storage. 


Percentage of rot aiter 
as ane en - | shipment on Lambert. 














Orchard treatment. | On Napoleon. | On Black Republican. 
| | a Aa, Spe Ai | 
| Mo- | fun | Rhizo-| Mo- | Penicil-| Rhizo-}| Mo- | Penicil-| Rhizo- 
| nilia. | lium. | pus. | nilia. | lium. | pus. | nilia. lium. | pus. 
| i AD ee Ae Sad DAS els yb ree 
; | | | | 
> Ae ° a2/|..0 O22 )228) e411 Gkl Ae) a8 
Self-boiled lime - sul- | | | 
SOC Can mae aa a. | @. ome) gle ° 2.4 
As above, but last ap- 
plication omitted....|  .3 <e1@ ee eS ae ey ewe mark Hon deme 
Commercial lime - sul- 
DIME 50a cove ou | o |g wba I .6 3 4.0 
UCAURG 846 rg iar 5 8 “a | oF <Otbetd El sempiecese i2) ee 
| 














The re cherries were picked July 7 and shipped in poor refrigerators the same day, received in 
Wenatchee, Wash., July 12, and held in a warm room till July 14, when notes were taken. 

! The Black Republican cherries were picked July 15, packed in pony refrigerators the same day and 
shipped to Wenatchee, Wash., received July 18, held under ice till July 19 and then at room temperature 
ull July 24, when notes were taken. 

The bert cherries were picked July 21, shipped in pony refrigerators the same day, received in 
Washington, D. C., July 30, when notes were taken. 
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TABLE V.—Effect of spraying Napoleon cherries, 1918 ' 



































Percentage of rot. 
On fruit picked and packed in the | On fruit picked and packed in the 
Lot. Orchard treatment. middle ot the day. cool of the morning. 
Monilia. — | Rhizopus. | Monilia. a Rhizopus. 
A..| Bordeaux......... 1.5 9. 4 | Ue Pon Patna mercer pune: MaraSetne ret 
Lime-sulphur...... 1.9 7.0 | Bibileckcvcav slaved es slneaene 
Lime-sulphur (last 1.9 6.0 | 6B Acconix quabialgedelerle « beretaneteticg 
application a. 
omitted). | | 
Untreated....... 4.3 9.3 | tS eee eer tee te 
B ...| BOMMGGUR 600005 .6 2.9 | 26.9 | Oil 0. 8 8.7 
Bordeaux (last ap- ° 1.6 | 39. 0 | ° 2 52. 3 
plication omit- | 
ted). | 
Lime-sulphur...... 2 | 2.7 | . o (| 1.6 67.4 
Lime-sulphur (last oe | 3.6 11:3 1.2 | 6 42.9 
application | 
omitted). | 
Untreated....... 6.5 1.2 41.0 I. 2 | 9 24.5 
c Bordeaux......... ° 12.0 15.1 eh -9 21.4 
Bordeaux (last ap- .8 2.9 36. 5 2.1 | 8 31.5 
plication omit- 
ted). 
Lime-sulphur...... fo) Se 9.0 2 6.2 60. 4 
Lime-sulphur (last A 5.0 22.0 4 3.2 19.0 
application 
omitted). | 
Untreated......... 10. 0 | 1.9 $3.7 2.8 | 5.8 64.8 
| | ! 











1 The cherries were picked June 26. Lot A was held 12 days at Salem, Oreg., in an open warehouse. Lot 
B was shipped in pony refrigerators to Wenatchee, Wash., held under ice till July 2, and without iceone day, 
notes being taken ) = 3. Lot C was shipped in pony refrigerators to Washington, D. C., arriving July 3, 
and held warm till July 5, when notes were taken. 


TaBLeE VI.—Effect of spraying Napoleon cherries, 1919 ' 





Percentage of rot. 





ly rs, after storage at | July rs, after storage at 
July 3, after 6 Ju ° ° y ° 
ing Orchard treatment. days in transit. ) (s9° F.) for 12 ey (4° F.) for 1 





Mo- | Peni- | Mo- | Peni- | Rhizo-| Mo- | Peni- | Rhizo- 
nilia. | cillium.| nilia. |cillium.| pus. nilia. | cillium.| pus. 








ee een eee 2) HOPS? eye 10.2 | 7.5 ° 
2 | Lime-sulphur........... 61. £8TST 2S) eS 12.3] 4.2 ° 
3 | Sulphur dust........... 14.7 | 22.8] 9.3 | 37-0] 35.2 | 19.4 | 26.5 ° 
ht NO. ooikiis os sis 5s $2.4 | %.§ | §7.0] 5.2] © 28.0 a ) 
































1 The cherries were picked from plots 1 and 2 on June 25. A rain followed on June 26, and the cherries 
from plots 3 and 4 were picked on June 27. The rain probably resulted in there being relatively less pro- 
tective material left on the dusted than on the speed fruit. The picked fruit from plots 1 and 2 was not 
placed under ice till June 27, and this delay in cooling may have partly or entirely offset any harmiul 
effects from the rains received by plots 3and 4 Two 10-pound boxes from each plot were shipped in a pony 
refrigerator to Washington, D. C., were received warm July 2, were held overnight at a temperature of 
approximately 7° C. (44.6° F.), and notes were taken July 3. The sound fruit was saved, and half of the cher- 
ries from each plot were stored at a constant temperature of 5° C. (41° F.) and hali at a constant tempera- 
ture of 15°C. (s9° F.). On July rs notes were taken on the amount of rot that had developed in storage. 
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A discussion of the results from the cherry experiments is given on 
pages 474-477. 


SPRAYED AND UNSPRAYED ITALIAN AND AGEN PRUNES IN TRANSIT 
AND IN STORAGE 


The prune is best known as a dried product, but a considerable part of 
the western crop, especially from the irrigated districts, is shipped to 
the eastern markets as “green” or fresh prunes. The question of the 
development of rots is a very important one in such shipments, and it is 
also an important consideration when delays occur at the drying plants. 

The spraying experiments were made in the orchards of A. W. Moody, 
Felida, Wash., and L. T. Reynolds, Salem, Oreg. Both Italian and Agen 
(Petite or French) prunes were included in the tests. Thespray materials 
were similar to those described for the cherries. In 1915, 1918, and 1919 a 
4-4-50 Bordeaux was used, and in 1916 and 1917 a 2-4-50 Bordeaux. 
In 1916 to 1919, inclusive, a 50-35-15 sulphur dust ' was used in the 
earlier applications and a 50-50-0 in the last. In 1919 a second sulphur 
dust plot was given an 85-o-15 mixture in the earlier application and 
an 85-15-o mixture in the last, and two different brands of Bordeaux 
dust were tested. 

In 1915 sprayings were made March 24, April 8, May 1, June 21, and 
August 6 in the first orchard, and May 29, June 21, and August 6 in the 
second orchard; in 1916, April 8 to 12, April 25 to 27, May 30 and 
August 30 at Felida, Wash., and April 1, April 21, and June 16 at Salem, 
Oreg., in 1917, April 28, May 18, June 15, and September 12; in 1918, 
April 11, April 29, May 27, and August 20; and in 1919, April 8, April 
25, May 21, and August 25. The earlier applications (before May 10) 
were for the control of blossom infection and probably had little effect 
upon the occurrence of rot on the ripe fruit. 


TABLE VII.—Effect of spraying Italian prunes, Felida, Wash., 1915 * 




















| | Percentage of rot Sept. 21, after 
a | shipment and storage. Percent- 
Orchard treatment. Monilia | centiatiiaied: ontat 
one at | eas Peni- : Sept. ar. 
rvest. Monilia. | cittium, | Rhizopus. 
| = | ‘ 
| 
First orchard.....| Bordeaux.......... ° | 2.7 27.7 33-5 36.1 
| Self-boiled lime- 0.9 | 7.0 36. 4 pee: 25.1 
| _ sulphur. 
| Commercial lime- a 9.3 44.2 21.5 25.0 
sulphur. 
| Untreated.......... Rh G3 29. 8 28. 5 II. 4 
Second orchard...| Bordeaux.......... 4.2 PCy a ee 28.8 12.8 
| Self-boiled lime- 3-3 | 27-8] 25.4! 389 7.9 
| _ sulphur. | 
| Commercial lime- 4-8 | 20.6] 32.6 17-5 | 293 
| sulphur. 
| Untreated. .: 22.0.5. | 6% 56.0} 14.1 28. 6 “ey 





! The trees in the first‘orchard were 24 years old, and those in the second 15. The prunes were har- 
mae Sept. 7 to 10, shipped to Wenatchee, Wash., by ordinary express, and held without refrigeration 
till Sept. ar. 





+ Fifty pounds sulphur dust. 35 pounds of lime, and 1s pounds arsenate of lead, 
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Although brown rot usually caused heavy losses in the neighboring 
orchards, sometimes destroying more than 75 per cent of the crop, it was 
never serious even on the control plots in the orchards in which the 
experiments were made. Notes were taken on the amount of rot at 
picking time and also on the amount developed in shipment and in 
storage. The shipping tests were carried out as described for the 
cherries. The prunes used in the experiments were carefully picked from 
the tree several days before the drying season began. They were too 
green for drying, yet riper than the average “green” prune shipments. 


TaBLE VIII.—Effect of spraying Italian prunes, Felida, Wash., 1916' 


























Percentage of rot Sept. 19, after | Percentage of rot Sept. 23, after 
a - shipment. shipment and warm storage. 
Orchard treatment. Monilia- | 
rot at | : ; 
harvest. | Monilia. Pl Rhizopus.| Monilia. nx. Rhizopus. 
ne eel ce SN = aregiaeinimenatinente idan 
DORUMOUR. foes. ..4 il 0. 2 0.3 8.0 12.1 12.8 
Self-boiled lime-sul- | 
0 SE ere 2.4 ea a 22 9.8 8. 2 14.4 
As above, but last ap- 
plication omitted... 3.8 z.9 | .8 £.% 19. 4 | 3°% 2.9 
Commercial lime-sul- | | 
ee, AO 2.2 °o (| ° ° 6. 5 | ° 8.9 
Sulphur dust ........ 1.6 6 | .6 1. 5 a8 78a Il. 
Sulphur dust (last ap- | 
plication omitted). é 4:7 2.7 | ° 2.8 5.4 7.2 11.0 
Untreated............ 8.0 ° | ° ° 32.3 | 77 ° 











‘The prunes were harvested Sept. 12 and Sept. 23. Fruit from the first picking was shipped in pony 
refrigerators to Washington, D.C., received in good condition Sept. 19, and held at room temperature 
till Sept. 23. 


TABLE IX.—Effect of spraying Italian prunes, Salem, Oreg., 1916' 





| Percentage of rot after shipment and 























warm storage. 
Orchard treatment. 
Monilia. Penicilium. | Rhizopus. 
ET ee eh ee eee eee oe 3.8 1.7 
Self-hotled Hme-Suliphur. ......... ccc cesssccnses 7.6 3.8 2.6 
Commercial lime-sulphur................0.eeeeee- 1.9 ° 8 
eR che CIR are Meneeparinr a Pate rare) sre 12.9 ° 0 





1The prunes were practically free from rot in the orchard, were harvested Sept. 6, shipped by express 
without refrigeration to Wenatchee, Wash., and held at room temperature till Sept. 16, when notes were 
taken. 
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TABLE X.—Effect of spraying Italian prunes, Felida, Wash., 1917! 





Percentage of rot. 




















Monilia at picki After shipment t | Alter shipment 
Orchard treatment. vee Sc Wenatchee, Wash. | a ae 
De CE Se : 
First | Second vn, ||P il-| Rhi Penicil- 
picking. picking. Total. |Monilia. = io Monilia ion 
a . | | 
Bordeaux. . seed Ep AOL TO aa 3e6 | © 10.5 | 82.9 
Self-boiled lime- -sulphur. “ieee I. 5 “3 SO Se IO oO lecccech eves 
As above but last omitted..... 4.0 | Sie Oe ae ee Pees ae 
Lime-sulphur 1-50............| 4.6] .4] 2.0 es Om 12.7 | 84.8 
Cg 6.9 | a ee 8 a a ees eres 
WN Sic enncvacraa tees | 14. 5 | 2.5| 65 | 182) 15.6] o 26.4 | 62.6 

















' The prunes were harvested Sept. 22, to 26 and Oct. 2to5. The shipment to Washington, D. C., was 
made in a pony refrigerator, started Sept. as, received Oct. 11 with no ice and in such bad condition that 
several lots were discarded. The shipment to Wenatchee, Wash., was by express without refrigeration, 
a Sept. 26, received Sept. 28 and allowed to stand in a warm room till Sept. 30, when notes were 
taken. 


TABLE XI.—Effect of spraying Italian prunes, Felida, Wash., 1918 ' 





Percentage of rot. 





After shipment to We- | | After shipment to Wash- 

natchee, Wash., and | ington, D. C., under 

Orchard treatment. Monilia| 8 days’ storageatr1s° | ice and 2 days’ delay 
at c. | at 25° to 30°C 

















picking 
wr | Penicit- Rhizo- | [Penicit — 
teres U lium. | pus. or lium. | pus 
seamen ! Uebel Rabe 
1 ARERR ee earns oer ee G21 RY long 18.8 | 0 | 0. 4 | 31.9 
Self-boiled lime-sulphur............ .2| 0 | 24.6] 109] 0 | o 37.6 
As above but last omitted.......... .2 -6| zz] 36] 27] © 2s 9.2 
Commercial lime-sulphur........... “$1.6 | -§|109| 0 | 4 | 34-3 
As above but last omitted..........|  .6 8 a tt | 15-5 
WI UMN Since cane c cscs cc cscs ce me or Wht way os ag 39-3 
RI ies bodee wens es vogue oe | 1.2 | 10.1 | o | &5| 243: 
} 





‘ The prunes were harvested Sot, 6and tr. The shipment to Washington, D. C., was made in a pony 
refrigerator, started Sept. 6, received in good condition Sept. 14, and notes taken Sept. 16. The shipment 
to Wenatchee, Wash., was without refrigeration, started Sept. 11, received Sept. 12, and held in cellar 
storage till Sept. 20, when notes were taken. 
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TABLE XII.—Effect of spraying Italian and Agen (Petite or French) prunes, Salem 



































Oreg., 1919? 
pe LA alee A — : re ee 
| Percentage of rot. 
After shipment Total rot in the re- 
to Wenatchee, | After shipment frigerator ship- 
; Wash., without | to Wenatchee, ment after the 5 
I ice and sdays’| Wash., under | days’ cool stor- 
’ Bai storage with- ice and 5 days’ age had been fol- 
Variety. Orchard treatment. A out ice, 18° C, storage under lowed by 2 days’ 
& (64.4° F.). ice. warm storage. 
3 : — ) 
A “eo. “ a 
s| (| s| 12s Bis 
a =| = 
2\é | o/ei/e/3)/ e812) 3) 8 
1S sie) 8/818) 818) = 
= A} em | & a a |e mh | & 
_— i | ‘le 
Deal ;., | DORMANT on sess ca sencesvess ro Cee | 3.21 46] 0 ei Séele | s 
Self-boiled lime-sulphur.....| 2.1 |...... ee ERR SES sere) cee liceictebiawcesiexeens 
As above but last omitted...| #2.5 |...... Si ois slenas cables weattenion oe le evveclesienselaveres 
Commercial lime-sulphur.... 6] sag | ar] -9 De ° 39 | 4] © 
Untreated... ......2sssecceee 8&3] 51-8] 1.3] %3)175| O5] © 36.1 -6| o 
Agen.....| Self-boiled lime-sulphur..... 8 Re ee Le ndinsd +6] © © |imo} EZ) mt 
As above but last omitted...; .2 |...... ecw bsuiwtp ath 13:9 | © o | 385] tro9| © 
Sulphur dust so-35-15....... Pre ees oe vassals ett ae | ° 104 | 1.2 | -2 
Sulphur-dust 85-o-15........ ae ec tee ORES Leskees -2| 0 .02 | 76) uri] .8 
Bordeaux dust A........... 28] o | 143]202| .8| 1.6 
Bordeaux dust B........... 4} 0 | © | 34-6 +2} © 
Raia k6ncncerevsvcces 70] 0 | ° 50.4 +2 ° 
| | | 




















1 The prunes were harvested Sept. 15, shipped to Wenatchee, Wash., Sept. 16, received Sept. 18, and 
notes taken Sept. 23. 
2 No shipment. 


The contrast in the amount of brown rot (Monilia) on the fruit from 
the different plots after shipment and storage is shown graphically in 
figure 1. 

A study of the figure shows that the unsprayed fruit developed six 
to nine times as much brown rot under transportation and market 
PERCENTAGE OF ROT 

20 4 FO 


= (2) 20 0 60 


R LIME-SULPHUR ~ - - - -—- == 





SULPHUR DUST 85-1§-—-= 
SULPHUR OUST 50-36-15 =— 
SELF-BOILED LIME~SULPHUR 
48 BOWE, BUT LAST OMITTED = 
Y BORDEAUX DUST A~ = = = == 
R B0RDERUX DUST B----=-— 
UNSPRAY ED = = eee 











Fic. 1.—Brown rot on Italian and Agen prunes after shipment and storage. 1919. 


conditions as the fruit from the plots receiving the best orchard treat- 
ment. The sulphur dust was as efficient as the sprays, but the Bordeaux 
dust was far less efficient. 
The results show that orchard spraying may have great value on the 
market even when the amount of disease in the orchard has been negli- 
ible. 
’ DISCUSSION OF RESULTS 


In order to obtain the composite results from the various prune and 
cherry experiments the data from the different spraying and shipping 
tests have been brought together and averaged. The results are shown 
in figures 2 to 6, inclusive. 
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Figure 2 shows the comparative efficacy of spraying and dusting as 
determined by the average of the four years’ results on prunes. Little 
contrast is shown between the two methods of treatment, both sulphur 
dust and self-boiled lime-sulphur having reduced the amount of brown 
rot at picking time from 4 per cent to approximately 1 per cent and 


FPERCENTAGE OF MON/L/A ROT 
FOT AT PICKING SF 4/0 48 
SELF-BOILED LIME-SULPAHUR 
50-35-15 SULPHUR QUST 
UNTREATED 
OT oat SAIPMENT 
SELF- BOILED LIME-SULPHUR 
50-35-15 SUPHUR DUST 
UNTREATED 
Fic. a.—Comparative results from spraying and dusting in a four years’ test on prunes. 





reduced the amount developed in shipments from 16 per cent to 2.5 
per cent. 

It was pointed out earlier in the paper that the different spray appli- 
cations were probably not of equal value in the control of brown rot on 
the fruit. The great importance of the last application in this connec- 
tion is shown graphically in figures 3 and 4. A reference to these figures 


FERCENTAGE OF MONILIA ROT 
a 10 45 





SPRAVED = — — = am mw we ee 
SPRAYED, LAST APPLICATION OMIT 7 
UNSPRAVEO ~ = = = = - ee 





Fic. 3.—Brown-rot control of cherries as influenced by a late spray application (about three weeks before 
picking time). The average results obtained from rs different shipping tests. 


shows that with the prunes approximately one-half and with the cherries 
approximately one-third the brown-rot control was due to this late 
spraying. 

The comparative results obtained with the different rots in the various 
shipping experiments are shown in figures 5 and 6. The term sprayed 


Mp caear od OF MONILIA KOT 
tafe <4 AT. Om 4 Shed & 1/0 1S 


'AYED@— eww ew ew ee ee 
Giana. guarantee TED 


fOT AFTER SHIPHUIENT 
SAVEL LAST APPLICATION OMITTED 
UNGPARAYED oe ee ee 





Fic. 4.—Brown rot control of prunes as influenced by a late application of spray or dust (three to five 
— before picking time). The average results obtained from 7 orchard experiments and rx shipping 
tes 


as used in these two figures includes both dusting and spraying. 
As has already been pointed out, there was no year in which there was a 
serious epidemic of rot in the orchards under investigation. The amount 
of rot on the untreated cherries at picking time never ran as high as 1 per 
cent. The average amount of brown rot on the sprayed prunes at 
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picking time, as shown in figure 6, was 1.6 per cent and the average 
amount on the untreated prunes was 4.6 per cent. The orchard loss 
from rot with either the prunes or the cherries would be considered of 
very minor importance in practical operations, scarcely justifying the 
expense of spraying; yet even under these conditions the orchard spray- 
ing has shown decided beneficial effects in the carrying quality of the 
fruit in transportation and storage. The good effects, however, have 
been largely if not entirely confined to the control of Monilia rot. With 
both the prunes and cherries the unsprayed fruit has developed approxi- 
mately four times as much of Monilia rot as the sprayed fruit, 
but has shown practically no greater susceptibility to Penicillium 
and Rhizopus rots. These contrasting results are in harmony with 
the nature of the different fungi. Monilia is a parasitic fungus and 
able to penetrate the sound skin of both ripe and green fruit; 
Penicillium and Rhizopus are saprophytic fungi, able to attack only the 
harvested fruit and dependent upon bruises and skin cracks for first 
points of entrance. The Monilia spores come primarily from the orchard, 
but Penicillium and Rhizopus have an almost universal distribution. 
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Fic. 5.—A comparison of the ovenand development of rot on sprayed and unsprayed cherries in 18 different 
shipping and storage experiments. 


Under such circumstances it would be expected that orchard spraying 
would furnish at least partial protection against brown rot in transpor- 
tation and storage, since it would both decrease the supply of spores and 
furnish a more or less complete protecting film on the fruit. On the 
other hand, orchard spraying could not be expected to have any appre- 
ciable effect upon the spore supply of fungi like Penicillium and Rhizopus 
that are of general occurrence, and a film of spray on the skin could 
offer little protection against fungi that enter through breaks in the skin. 

While these contrasts in the different fungi are of importance in con- 
nection with the present studies, it should not be inferred from the fore- 
going statements that skin punctures have no effect upon the occurrence 
of Monilia rot, for it is well known that any abuse to the fruit is decidedly 
favorable to the development of the disease; ' nor should it be inferred 
that Rhizopus and Penicillium are entirely unable to penetrate the sound 
skin, for when these fungi are once well established in a crate they may 
spread out from a center of infection without much regard to the sound- 
ness of the adjacent fruit. This is particularly true of Rhizopus, and 
especially where it is favored by a high temperature. Under such a 
condition it often spreads through a package of stone fruit in a most 
rapid and indiscriminate manner. 


1 Ramsey, H. J. THE HANDLING AND SHIPPING OF FRESH CHERRIES FROM THE WILLAMETTE VALLEY 
U. S. Dept. Agr. Bul. 331, 28 p., 11 fig., 1916. 
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With all the rots temperature has been an extremely important factor. 
In the 1919 experiments (Table VI) part of the fruit was stored at 15° C. 
and part at 5°, with striking contrasts in the results. Rhizopus was en- 
tirely eliminated at the lower temperature, and Penicillium and Mon- 
ilia were greatly reduced. Short shipments without refrigeration have 
resulted in heavy losses, while fresh fruit, both sprayed and unsprayed, 
has been shipped across the continent in pony refrigerators under ice 
with no decay upon arrival. Fruit that was free from rot after seven 
days in the refrigerators became badly decayed after standing one or 
two days in a warm room, the unsprayed fruit always developing the 
most rot but the sprayed fruit never remaining free from it. Refrigera- 
tion is always valuable; but it is evident that its importance increases 
with any decrease in orchard or packing-house care. 

It is evident that there is a widely distributed responsibility for the 
occurrence of stone fruit rots in transit and in storage. Orchard spraying 
may be one of the important factors in the control of Monilia rot on the 
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Fic. 6.—A comparison of the average development of rot on sprayed and unsprayed Italian prunes in rz 
different shipping and storage experiments, 


harvested fruit, but as a protection against Penicillium and Rhizopus 
rots it has little or no value. 


SUMMARY 


(1) Orchard spraying has reduced the amount of Monilia or brown rot 
developed on sweet cherries in transportation and storage experiments 
from 24.3 to 6.4 per cent. All the cherries were from orchards where 
there was less than 1 per cent of rot on either the sprayed or unsprayed 
fruit at picking time. 

(2) In similar shipping and storage experiments with Italian prunes 
there has been an average of 28 per cent of brown rot on the untreated 
fruit and 7.1 per cent on the sprayed or dusted fruit. The amount of 
rot on the unsprayed fruit at picking time was 4.6 per cent and on the 
sprayed fruit 1.6 per cent. 

(3) About half the brown rot control secured in the shipping tests 
with prunes and about one-third of that secured with cherries was due 
to the spray application made three or four weeks before picking time. 

(4) There has been little contrast between the brown rot control 
secured with sulphur dust and that secured with the standard spray 
materials. 

(5) Spraying and dusting have had little or no effect upon the develop- 
ment of Penicillium and Rhizopus rots in transit and storage, their 
occurrence apparently being much more influenced by the prevalence 
of bruises and skin punctures. 

(6) The unsprayed fruit has shown a greater need of refrigeration 
than the sprayed, and the injured fruit a greater need than the sound. 


























STORAGE OF CONIFEROUS TREE SEED 
By C. R. TitLotson 
Forest Examiner, Forest Service, United States Department of Agriculture 


During the period from 1909 to 1913 the United States Forest Service 
was especially active in its reforestation program. There were large 
areas of deforested land on the national forests, and there was a sincere 
desire on the part of the organization to serve the public interest by 
bringing these lands into a productive state as soon as possible. The 
program involved the growing in nurseries and planting of many millions 
of young trees each year and also the sowing of seed directly on extensive 
areas of deforested land. To carry out the program large quantities of 
seed were needed. In the year 1910 alone, 63,000 pounds of seed were 
collected. Foresters know that seed is not borne in the same abundance 
upon trees each year. A good seed crop in any region is often followed 
by one to several very poor or lean crops. It accordingly is desirable 
to collect during years of plenty seed in large enough quantities to last 
several years. The Forest Service did pursue this course and thereupon 
became confronted with the problem of how to store the seed so that 
it would not deteriorate greatly in germinative ability and energy before 
it could be used. This problem was not a new one. European foresters 
had been faced with it a good many years ago and had made substantial 
progress in its solution for some species. One of the most intensive 
sets of European experiments with coniferous seed was perhaps that of 
Dr. Adolf Cieslar ' which was begun in the spring of 1886 and continued 
over a period of 11 years. Dr. Cieslar attempted to determine not only 
the effect of air-tight storage on seeds of Norway spruce, black (Austrian) 
and white pine, but also the effect of heating these seeds before placing 
them in storage. He came to the conclusions that (1) storing under 
air-tight covering lengthens the life of these species of seed so that when 
stored in this way they often show a considerably higher germination 
percentage, especially in the later years of storing, than seeds of the same 
origin stored in the air, this difference in favor of air-tight storing of 
seed amounting to 33 per cent in the case of 6-year-old Norway spruce 
seed; (2) storing seed away from the air also results i in higher germinat- 
ing power; (3) the application of heat at 45° to 55° C. to seeds of white 
and black pine at the beginning of storing injures the viability of these 
seeds and also their germinating power to a considerable extent, but Nor- 
way spruce is injured less by this means, and its germinating power is 
even kept at a high point by strong heating; (4) heating at 30° to 40° C. 
for one hour has a not unfavorable effect on the seed of these three species. 
When stored away from the air, such seed maintains both viability and 
germinating energy at as high a point as that of unheated seed; in fact, 
the slightly heated seed shows in later years of storing a tendency to 
germinate in a very rapidly rising curve. 





'Crestar, Adolf. versucHe UBER AUFBEWAHRUNG VON NADELHOLZSAMEN UNTER LUFTDICHTEM 
VERSCHLUSSE. /n Centlbl. Gesam. Forstw., Bd. 23, Heft 4, p. 167-174. 1897. 
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Experiments conducted by the German Chief Forester Haack ' at the 
Eberswald Forest Academy from 1906 to 1909 confirm some of the results 
of Dr. Cieslar and give additional information on the subject of seed 
storage. His experiments were confined to seed of Scotch pine. He 
found that exclusion of air can not wholly prevent a loss of germinating 
power with increasing age of the seed. This is manifested less by a final 
decrease of germinating percentage than by a falling off in germinating 
energy. But compared with that of seed stored in the air, this decrease 
of germinating power is extremely slight. After three years the air- 
tight seed had a germinating power of nearly 90 per cent as against 22 
to 70 per cent for seed stored in the open-air in the same room. 

Another conclusion of Haack’s was that in no case should seed that 
has been shut up in air-tight containers without previous thorough 
drying be placed in a storeroom in which the temperature is likely to 
increase, even if only occasionally (for instance, in attics). This con- 
clusion was based on two experiments. In one, two air-tight bottles 
were placed on thermostats heated to 36° C. and left for eight weeks. 
One of the bottles contained air-dried seed, the other seed from which 
5 per cent of its weight in moisture had been removed in an exsiccator. 
In the test, the former germinated only a little over 1 per cent, the latter 
96 per cent. In a similar experiment at a temperature of 30° C., the 
germination test at the end of four months gave 4o per cent and 92 
per cent, respectively. It might have been just as well for Chief Forester 
Haack to emphasize the necessity of thorough but not excessive drying 
of the seed before placing them in air-tight containers rather than stress 
the point of storing in a fairly cool room not subject to a rise in tem- 
perature. Such rooms are to be had only by some special arrangement. 
Later in the same article, Haack does state that in storing pine seed 
air-tight, care should be taken that the seed is neither moist nor over- 
dry. He decided that the degree of dryness which the seed has when 
it comes from the kiln or when spread out in a well-heated room or 
dried in the sun would probably be best—about 1 to 2 per cent lighter 
than its average weight in the ordinary seed bin. His experiments 
showed that long-continued drying is harmful to pine seed. The ger- 
minating power of Scotch pine seed left in the exsiccator for four years 
fell to 16 per cent at the end of that time, while the same seed not dried 
in this way still showed a germination of 80 per cent. 

Haack conducted one experiment to determine the effect of different 
temperatures of the storeroom upon seed in air-tight containers. Scotch 
pine was stored for three years in a room heated to a temperature ol 
20° to 25° C., in an unheated room, and in a cellar 1 meter in depth 
Both cellar and unheated room were free from frost in winter; in sum- 
mer the unheated room was somewhat warmer than the cellar. The 
results indicated that a temperature of 20° to 25° C. in the heated room 
was injurious to the seed. The germination percentage dropped from 
96 to 82 in the three years. With strong seed there was very little 
decrease in germination of seed stored either in the basement or in the 
unheated room. With weak seed, however, not thoroughly dried before 
being placed in the container, there was, after three years, a difference 
in germination of 20 per cent in favor of the seed stored in the basement. 

These experiments of Dr. Cieslar and Chief Forester Haack, while 
thorough in themselves, were confined to only four species, three of 





} HAACK [Otto H. A.J. DER KIEFERSAMEN. VERHALTNIS ZWISCHEN KEIMPROZENT UND PRAKTISCHEM 
WERT. MEHRJAHRIGE AUFBEWAHRUNG OHNE VERMINDERUNG DES KEIMPROZENTS. In Ztschr. Forst. u. 
Jagdw., Jahrg. 41, Heft 6, p. 353-381, 1 fig. 1909. 
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them European. In order to meet an immediate need for information, 
it seemed desirable to extend and expand upon them somewhat to 
those American species most used in reforestation operations on the 
national forests. These species were western yellow pine (Pinus ponde- 
rosa Law.), western white pine (Pinus monticola Dougl.), white pine 
(Pinus strobus Linn.), Engelmann spruce (Picea engelmanni Engelm.), 
Douglas fir (Pseudotsuga taxifolia (Law.) Britton), and lodgepole pine 
(Pinus contorta Loud). The study should now be followed up with 
those more sensitive coniferous seeds, the true firs, the cedars, arbor- 
vitas, redwoods, and the numerous species of American hardwoods of 
which so little is known. 

The study brings a realization of the fact that it is a mistake to deal 
with so many variables in an intensive project of this nature. It is 
difficult if not impossible to be sure of the cause or causes for any particu- 
lar result. There is now a need for further investigations of slightly 
smaller scope, in which the variables will be reduced to a minimum and 
in which by laboratory methods, the exact physiological, chemical, and 
any other changes which the seeds undergo can be followed closely. 
These changes almost surely will throw light upon the behavior of seed 
in storage. 


FACTORS AFFECTING EXPERIMENTS 


Some of the conditions under which this study was carried out should 
be stated. Because of a shifting in personnel the study in various stages 
has come under the direction of several men. This has not been con- 
ducive to the best development of the project, and it may be that the 
analyses of the results are not so thorough as though made by the one 
who conceived the study. Apparently through oversight, no tests of 
the seed were made before they were put in storage. It is not known, 
accordingly, to what extent deterioration progressed in the seed during 
its first year of storage. That there was deterioration in the case of most 
containers is shown by the very general superiority after one year of the 
seed stored in air-tight bottles. Because of this lack of an original test, 
it has, in making analyses of the results, been necessary to use as the 
basis of comparison, the germination of seed after storage for one year in 
the air-tight bottles. 

On account of the large number of variable factors involved (6 species 
of seed, 5 kinds of containers, 13 storage points, and 3 temperature con- 
ditions at each of these points), the general conclusions are by no means 
fully supported by the results in every individual test. It is thought, 
however, that the average results are a safe criterion of what may in 
general be expected of these coniferous seed in storage. 

Fresh seed, with the wings removed, of the species previously men- 
tioned was obtained during the fall and winter of 1908-9 in the amounts 
and from the sources indicated below: 

Picea engelmanni, 10 pounds, San Isabel National Forest, Colorado. 

Pinus monticola, 55 pounds, Coeur d’Alene National Forest, Idaho. 

Pinus contorta, 12 pounds, Deerlodge National Forest, Montana. 

Pinus ponderosa, 70 pounds, Boise National Forest, Idaho. 

Pinus strobus, 30 pounds, New York State. 

Pseudotsuga taxifolia, 25 pounds, San Isabel National Forest, Colorado. 

When the seed was all brought together at Washington, D. C., it was 
spread out thinly on a floor and fanned steadily for two days by means 
of an electric fan. The object was to dry the seed coats thoroughly. 
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Each lot of seed was then divided roughly into portions of about 600 to 
800 seeds each, and these were distributed equally among the following 
containers: 

1. Ordinary manila paper coin envelopes. 

2. Similar envelopes soaked in melted paraffin. 

3. Cotton cloth bags. 

4. Similar bags soaked in boiled linseed oil and dried. 

5. Glass bottles which after filling were sealed air-tight with paraffin. 

Seed of all six species stored in each of the five containers constituted 
one test set of samples. For convenience in handling, shipping, and 
storing, each test set was placed in a small wooden box lined with a wire 
mesh to prevent the access of rodents. 


POINTS OF STORAGE 


It was one purpose of this study to determine whether seed deteriorated 
in storage to a greater extent in one geographical region than in another. 

















Fic. 1.—Map showing points at which coniferous seeds were stored to test effect of geographical location 


Thirteen points of storage, accordingly, as indicated below and on the 
map (fig. 1), were selected. These, it will be noted, are rather widely 
scattered over the United States and afford a fair basis for arriving at 
some conclusions concerning this particular aspect of seed storage. 
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CONDITIONS OF STORAGE 


Another point on which it was hoped this study would throw some 
light was the effect of several conditions of temperature on seed in stor- 
age. At each of the geographical points mentioned, accordingly, the 
cooperators in the study were requested to store the seed ‘where each of 
the following conditions of temperature would prevail: 

1. Ordinary indoor temperature, such as an office shelf where the 
temperature would always be above the freezing point. 

2. Fluctuating temperature, as in an outbuilding or unheated garret 
where the temperature would follow rather closely the actual outdoor 
variations. Proximity to a stable was to be avoided. 

3. Fairly uniform low temperature, such as prevails in an unheated 
basement or cellar. 

To just what extent these conditions obtained and were entirely 
comparable at all points of storage, it is not possible to say. It would 
not be surprising if there were considerable differences, particularly in 
the low-temperature conditions. It is believed, however, that they were 
similar enough to warrant the drawing of general conclusions from the 
tests. 

PERIOD COVERED BY STUDY 


The study was planned to cover a period of approximately five years. 
The seed was sent to the 13 points of storage during March, 1909. In 
January, 1910, and again in January, 1911, 1912, and 1914, three test 
sets (one stored at each of the three temperature conditions) were for- 
warded by express from each of the storage points to Washington, 
D. C., for testing. 

It is thus seen that tests were carried on after the seed had been in 
storage for periods of approximately one, two, three, and five years. 
There was no test of seed in storage for four years. From a practical 
standpoint, at least, it seemed that tests covering a period of five years 
would be sufficient. It is unlikely that seed in commercial quantities 
at least will be stored for a longer time. As a matter of interest, how- 
ever, a few of the seeds which had been stored in bottles were carried 
over for another five years and tested during the year 1919. This 
phase of the study will be taken up in more detail later (p. 510). 


SEED-TESTING OPERATION 


The seed-testing operation was a simple but rather large undertaking. 
There were carried on during each of the four years 195 tests for each 
of the six species. Two hundred seeds were used in each test. Ordi- 
nary greenhouse wooden flats about 14 by 18 by 4 inches in depth were 
nearly filled with fresh sand, which was compacted and smoothed off; 
the seed for each test was scattered uniformly over the surface, pressed 
into the sand by means of a board, and then covered with % inch to 
\% inch of sand. The flats were then set on greenhouse benches where 
the sand was kept moist during the course of germination by sprinkling 
it with an ordinary watering pot equipped with a fine rose or spraying 
nozzle. The seeds were protected from mice by covering the flats with 
frames made of fly screen, Ants were troublesome at first, but they 
were successfully combatted by scattering napthalene flakes on the 
benches. During the winter and spring months when artificial heat was 
employed in the greenhouse, the temperature sought was about 70° F, 
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during the daytime and about 50° at night. There were, of course, some 
variations in this, particularly as summer approached. On bright, sun- 
shiny days in late spring or early summer, the temperature in the green- 
house sometimes approached 100° during the middle of the day. By 
that time, however, the germination tests were practically completed for 
all except the slow-germinating eastern and western white pines. A 
careful day by day record was kept of the germination. As the seeds 
sprouted and developed a short radicle they were plucked out of the 
sand and discarded. While this method of conducting germination tests 
for all kinds of seed, particularly those which germinate very slowly like 
the white pines, is not considered ideal, the results secured for the several 
years are at least comparative. 


CONCLUSIONS 


In noting the conclusions, the reader should keep in mind that they 
have reference to coniferous seed only, and that they are based upon 
the results of one series of tests with only six species of coniferous seed 
and may not accordingly be applicable to all coniferous seed, or even 
to the same kinds of seed from other sources. It should also be remem- 
bered that the seed used in this experiment was thoroughly air-dried 
before it was placed in air-tight storage. 

(1) Storage of coniferous seed in the air-tight bottle is far superior in 
every respect to storage in any other container. The-average germina- 
tion for the 5-year period of seed stored in bottles over that stored in 
the next best container was 22 per cent. 

(2) Thoroughly air-dried coniferous seed stored in air-tight bottles 
is little if at all affected by such differences in temperatures as exist 
between a location where the temperature follows the natural fluctua- 
tions, a location indoors where the temperature never falls below freez- 
ing, and a location in an ordinary cellar or basement. 

(3) Coniferous seed stored in air-tight bottles is little if at all affected 
by the geographic location of the storage point. 

(4) The quality of coniferous seed, by which is meant its value in 
terms of both germinative energy and germinative ability, is much 
superior in the case of seed stored in an air-tight bottle to that stored 
in any other receptacle. This is manifest even at the end of one year 
of storage. 

(5) Following the air-tight bottle, the various containers, in the order 
of their merit, fall into the following sequence: paper bag paraffined, 
paper bag, cloth bag, and oiled cloth bag. It should be noted that an 
ordinary paper bag closed at the top is superior to a cloth bag for seed 
storage. The oiled cloth bag is practically worthless as a container. 

(6) The use of any of the containers except the air-tight bottle results 
in such rapid deterioration after one or two years of storage under the 
temperature conditions of this experiment as to render the seed, partic- 
— of Engelmann spruce, Douglas fir, and white pine, of very little 
worth. 

(7) Storage at the indoor temperature is superior to that at the 
fluctuating or low. Storage at the low temperature shows the poorest 
results. This low temperature has reference not to a low uniform tem- 
perature of freezing or less but to that of an ordinary cellar or basement. 
The difference in germination percentage is not great under these three 
conditions but is sufficient to make indoor storage preferable to the 
other two conditions. 
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(8) Some geographic locations are more favorable for seed storage 
than others. Fort Bayard, Pikes Peak, Pocatello, and Lake Clear 
Junction—all points of relatively high altitudes and, with the possible 
exception of Lake Clear Junction, of low relative humidities—stand out 
as exceptionally favorable localities. Four middle-western points, 
Waukegan, Dundee, Lawrence, and Warsaw, and one Atlantic sea- 
board point, New Haven, stand out as unfavorable localities for seed 
storage. Such points should apparently be avoided where ordinary 
methods of storage are followed. No one of the geographic locations 
shows marked superiority over another when the seeds are stored in 
air-tight bottles. 

(9). In respect to sustained vitality, the seeds employed in this study 
range themselves in the following sequence, with the strongest first: 
western yellow pine, lodgepole pine, western white pine, white pine, 
Engelmann spruce, and Douglas fir. 


WHAT THE STUDY SHOWS 


The points brought out by the study can be shown better, it is thought, 
by the accompanying tables and curves with a few comments than by 
lengthy discourse. 


EFFECT OF CONTAINER 


Table I, together with the curves (fig. 2), brings out what was very 
evident during the progress of the study, the striking superiority of the 
seeds stored in the air-tight bottles over those stored in any other con- 
tainer. This is particularly true when the storage period extends beyond 
one year and is more striking in the case of Engelmann spruce, Douglas 
fir, and white pine than in that of lodgepole, western yellow, and western 
white pines. The seeds of the former three species are apparently more 
likely to deteriorate than those of the latter three and after two years 
of storage are of little worth. 

It seems safe to assume (barring any hypothesis of post-ripening of 
the seed during storage) that the germination of the seed before it was 
put in storage was at least equal to that of the seed stored in bottles at 
the end of one year. Based on this assumption, Table I shows that the 
average deterioration for all species has at the end of five years been for 
seed stored in a paper bag 45 per cent; in a paper bag paraffined, 42.3 
per cent; in a cloth bag, 47.8 per cent; in a cloth bag oiled, 51.4 per 
cent; and in the air-tight bottle, 10.8 per cent. In this connection it 
should be noted that Pinus ponderosa stored four years, Picea engelmannti 
and Pseudotsuga taxifolia three years, and Pinus contorta two years 
show little if any decrease in the total germination of bottle-stored seed. 
In fact, germination at the end of two and three years has in some cases 
been greater than at the end of one year. The behavior of Pinus strobus 
and Pinus monticola seed is a puzzle. It will be noted that the germina- 
tion percentage of bottle-stored seed decreases through the second 
and third years, but at the end of the fifth year (1914) it equals or 
betters that of the second year (1911). The 1914 germination of these 
two species with seed stored in the other four containers is practically 
equal to the 1912 germination. Possibly the conditions for germination 
in 1914 were somewhat superior to those in 1912, or there may have been 
some physiological development to account for it. 
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Fic, 2.—Graphs showing value of different kinds of containers for the storage of coniferous tree seeds 
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TABLE I.—Germination samenee of seed stored in different containers and under 
different temperature conditions 




































































| Seed tested for— Seed tested for— 
| 30 33 33 34 | 95 8 93 96 
days. | days. | days. | days. | days. | days. | days. | days. 
Temperature and 
container. Picea engelmanni. Pinus contorta. 
| | | | 
| Aver- } Aver- 
| 1910 1911 1912 1914 ny 191o | 1911 1912 1914 — 
| years. years. 
Fluctuating tem- | | 
perature: | | 
Paper bag....... | 4,0 38.8 20-3] 103] 29-2 66.0) 55-2 40-8 34-6 49-1 
Paper bag, par- H | 
affined........ 40:4 43-2 25.0 1.1 | 29-9 14.0 62.3 44.0 56.4 
Cloth bag....... 37-7 27-5 15-6 | 67) a? 55-0 | 47-3 32.2 26.9 40. 4 
Cloth bag, oiled. 26. 7 20.9 11.6 | &3| 169 18.2 13-5 15.0 13-5 15-0 
Bottle, air-tight.; 67.1 29-7 70-0} $4-4| 6798 75-0 73-2 60.0 59-8 67.0 
Average for all | | 
containers...) 43.8 42.0 28.4 - e) See 87-6 50. 3 38. 6 | a 
Average for all | 
containers } 
for all 4) | 
ER Frere Serres: Mere OG ae ae Hem peepee Aspe se Jeceseeee 45-6 
f f I 
Indoor temperature: | | 
Paper bag....... §2.1 45:7 31-1 74) 343 68.8 61.2 44-6 36.9 52-9 
Paper bag, par- } 
affined........ 55-1 s1.5 30.1 | 92] 365 27-2 57-4 499 45-9 57-6 
Cloth bag. $1-3| 395] 173] 279] 290! 422| 51-3] 346] ana 37-3 
Cloth — oiled.) 38-7) 31-8 15.3 | a5} 22.6 16.8 20.8 16.2 oS 15-8 
Bottle, air-tight.| 67.8) 74-7 73-6 | 61.9 | 69. § 72-1 75.8 58.4 54-9 65.3 
Average for all | | | 
containers. . 53-0 | 48.6 33-5 WB fo vcenves 55-4 £3-3 40-7 | 337 |eceveeee 
Average for all | | | 
containers | | 
for all 4 } | | 
OA isis es ticocxndcilecterssciewrqe sas Jeseeeees SS iso cnde anedeeshinanenees Joveeeees 45-8 
' 
Low temperature | | 
Paper bag....... | 30-2 19-2 10. § | 2.7 15-7 63-9 49-6 30-7! 29-0 43-3 
Paper bag, par- | 
affined........ | 40.8 23-6 11.3 47 20.1 70-7 49-6 34.0 37-0 47-8 
Cloth bag. . 24-3 15-9 6.3 | 18] 121 49-2 46-4 31-6 29-1 39-1 
Cloth bag, oiled.| 16.1 8.3 “3 1.2 6.5 12-9 16. 6 14 5 135 14-3 
Bottle, air-tight., 67.5 77-2 76-0 | 57: 8 | 69.6 72-9 97-2 64.2 61.8 69. 0 
Average for all | 
containers. . 35-8 28.8 20.9 Sd Peer 53-9 47-9 35-0 MEGh Badavecee 
Average for all 
containers | 
for all 4 
Roe merrier eee - RCE Serer ereeeer, Ce ee 42-7 
Average for all 3 
temperatures: H 
Paper bag....... 43-3 | 34-6 20.6 6.8 26-3 66.2 55-3 38.7 33-5 48.4 
Paper bag, par- | 
affined........ 4554) 394 aa.r| 8&3 28.8 74.0 56-4 43-0 42-3 53-9 
Re 37-8 27-6 132.9 5.5 21.0 48.8 48.3 32.8 25-7 38.9 
Cloth bag, oiled 27-2 | 203 Ce 47 15-3 15.6 17-0 15.2 12.2 15-5 
Bottle, air-tight. 67-5 | 77-2 73-2 s&o]}] 69.0 3 75-4 60.9 58.8 66.9 
Average for all | | 
containers | | } | 
and = tem- | } | | 
peratures... 442) 39-8 27-6 16.7 | a were 55.6 £O. 5 381 Pon | Saree 
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TABLE I.—Germination percentages of seed stored in different containers and wnder 
different temperature conditions—Continued 


Seed tested for— 





Seed tested for— 




































































30 34 34 34 tos | 117 117 113 
days. | days. | days. | days. days. | days. | days. | days. 
| 
‘Temperature and 
container. Pseudotsuga taxifolia. Pinus ponderosa. 
| | 
| Aver- 4 
1910 | 1gtt | rota | 1984 og oe rgto | itr | ror | srg | OS - 
| years. years. 
! 
| | 
Fluctuating tem- | | 
perature: | 
Paper bag....... 22.7) 147 6.9 0.5 11.2 76.0 63-9 55-5 45-3 60. 2 
Paper bag, par- 
affined........ 25-7 | 20.3 6.6 4] 135 5-6] 648 58.1 50. 2 61-3 
Cloth bag..... ; 142] 65 6.3 +t 8.0 75-2 | 63-7 548) 42-4 59-9 
Cloth bag, oiled. 3-9 | 6.6 | 1.8 81 3.1 1.6 60. 6 48.7 32.6 53-4 
Bottle, air-tight a2 | 90.5 | 45:5 30-4 | 42-9 78.3 92.2 144 72.8 14-4 
Average for all | | 
containers. . 22.2| 209] 13.4 We Lo aactacs 75-3 64-3 58.3 ye eee 
Average for all | | | 
containers | 
for all 4 | 
RESP aero Se ere |esverese nal. MIM sdicosslesguasssbesenoosubest ates 61.6 
Indoor temperature: | | 
Paper bag....... 28.7 | 145 | 43 a 12,0 | 75-2 67.7 62.6 Si. 5 64-3 
Paper bag, par- | | 
affined........ 345] 177 6.0 9 148 | 774 67.8 63.6 58.1 66. 7 
Cloth bag....... 24-7 { 123 7 -s 10.3 | 77-2 65-8 { 62.6. 44-6 62.6 
Cloth bag, oiled. 113 | 3-3 :9 "7 40) 744 61.8 56. 4 38.3 57-7 
Bottle, air-tight. 49-1 | 48-6 45-8 28.6 43-0 | 76.1 72.1 18:3 76.6 75-0 
| | | | 
Average for all | | | 
containers...) 29.7 19-3 12.1 Sg RP 76.0 67.0 64.1 7 ae 
Average for all | | | 
containers | j 
for all 4 | | 
AS Serene [ussccersfesersecsesssvers Sh OES Lee lisweeewshase barbs 65.2 
Low temperature: | | | 
Paper bag....... 13-5 | 7! -7 1.3! 5-8 | 72% 48.1 42.6 32-5 48.8 
Paper bag, par- | | | 
affined........! 19.6 | 9-8 | 2.6 4 84! 71.8 53-4 50. 5 32.6 52-1 
Cloth bag....... | 8.5 | 6.0 | 3 1.6 411 739 49.2 38-9 29:9 48.0 
Cloth bag, oiled. 65|/ 69 | égameey . 34 68. 3 §0. § 39:4 37-6 49-0 
Bottle, air-tight. 49.8 50.8) 47-7 33-9 45-6 78. 5 67.3 15-9 75-0 74.2 
Average for all | | 
containers... .. 19-6] 16.2 10. 3 RP divtesses 72-9 53-7 49:5 WT beiesviss 
Average for all 
containers 
for all 4 
yee: Jessees slocsvenislissouns dvreser es ne Oe COR rer bigseswusteehten 54:4 
Average for all 3 | | 
temperatures: | | 
Paper bag....... a1.6| 12.3 4:0 i 97 144 59-9 53:6 43-1 57-8 
Paper bag, par- | | 
| 26.6 | 15-9 5.1 1.3 12.2 74.8 60.8 | 57-4 47-0 60.0 
Cloth bag....... 13-8 | 99 34 7 5 15-4 59-6 | 52-1 39-0 56.5 
Cloth bag, oiled . 7.2 5.6 “9 rs 3-5 7-4 57-6 | 48.2 36. 2 47-9 
Bottle, air-tight. 47-7 | 50. 3 46.3 31.0 43-8 77-6 70. § | 75-2 74.8 745 
Average for all | | 
containers 
and = tem- 
peratures... 23-8 18.8 11-9 ee 747 61.7 S7:3 48.0 = 
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TABLE I.—Germination percentages of seed stored in different containers and under 
different temperature conditions—Continued 






















































































| Seed tested for— Seed tested for— 
1t5 126 129 126 IIs 126 129 | 126 | 
‘ days. | days. | days. | days. days. | days. | days. | days. 
Temperature and 
container. Pinus strobus. Pinus monticola. 
| 
Aver- | | Aver- 
| 1910 I9It 1912 1914 — 1910 IgIt 1912 1914 35 
years. | years, 
Fluctuating tem- | | } 
2 perature: } | 
Paper bag....... 40.6 27.5 8.8 9.8 21.7 36.0 24.7 | 6.2 6.0 | 13.2 
3 Paper bag, par- } | 
° affined........ 44.0 29.9 9.9 8.9 23.2 36.7 27.0 | 5-7 5} 19.2 
4 Pe wt | 305 18.4 8.3 8.6 16. 5 30.3 11.3 3.0 44) 12.3 
4 Cloth bag, oiled. 24.5 7.9 5.0 2.2 9.9 18.7 10.4 47 3.0) 9.2 
- Bottle, air-tight . 56.0 46.5 30.7 49.2 45.6 4.1 27.7 7.8 25.9 | 25.6 
Average for all | 
containers...) 39.1 26.0 12.5 4 | eee 32.6 20.2 5.5 Cl) 
Average for all 
containers 
6 for all 4 
= Wes ccd elocescacale onocsnelvac Weve dhens keane OO Rac ccccglectadecthestcedeslisesceiss 16.9 
3 Indoor temperature 
a 46. 6 28.7 9.6 4.4 22.3 36.2 26.3 720 6.2 18.9 
7 Paper bag, par- 
6 _ eee 49.9 32.9 12.8 4.0 24.9 39.2 24.2 7.3 9.9 20. 2 
7 th bag.......) 35.0 13. 4 | 5.8 3.2 14.4 32.1 15.1 3.8 43 13.8 
° Cloth bag, oiled.| 23. 2 11.2 | 5.1 1.7 10.3 22.0 13.0 3.6 3.6 10.6 
- Bottle, air-tight.| 58.5 50.6 | 33.6 50. 7 48.4 39.7 24.5 9.2 33-9 26.8 
Average for all | | 
containers. . 42.6 27.4 | 13.4 tg Serer 33.8 20.6 6.2 WE Tis ccens 
Average for all 
containers | 
2 for all 4 | 
= FOB i ie ex in linn « ewatarelns og ee | BME |oceevees|ecceeeeclecsecceeleseerees 18.1 
8 Low temperature | | | 
Paper bag....... 31.7 23.3 4.9 5.0 16, 2 33-6 17.9 | 6.0 3-3 | 15.2 
I Paper bag, par- 
2 affined........ 37.8 27.9 9.0 4.6 19.8 34.7 22.2 6.2 5.4 | 17.1 
° Cloth bag.......] 27.3 12.2 1.2 2.2 10. 7 26. 7 10.7 | 3-7 2.2 | 10.8 
2 Cloth bag, oiled. 16.2 6.8 | 1 8) 6.1 19.3 6.2 | “9 1.3 6.9 
— Bottle, air-tight . 58.9 48.9 | 27.0 46.2) 45.3 44.8 22.8 | 7 28.8 | 26.0 
Average for all | j 
containers...| 34.4 23.8 8.6 ry 31.8 16.0 49 8.2 Peat 
Average for all | H | 
containers | 
-4 for all 4 } 
= a Seen) Mere eee) Cert 160 sere oie | wayes og Ds hl Pd serpeseclevcecene 15.2 
Average for all 3 | | 
8 a eg } 
Paper bag....... 39.6 26. § 7.8 6.4 20. I 35-3 23.0 6.4 5.2 17.5 
° Paper bag, par- | 
5 affined........ 43-9 30.2) 10.6 5.8 22.6 36.9 24.5 | 6.4 7.6 18.9 
9 Cloth bag....... 30.9 147 | 5.1 47 13.9 29.7 12.4 | 35 3.6 12.3 
5 Cloth oo oiled. 21.3 8.6 3.6 1.6 3.8 20.0 9-9 | 3.1 2.6 8.9 
ae Bottle, air-tight.| 57.8 48.7 30.4/| 487) 46.4 41.9 25.0 | 8.2 29.5 26. 2 
Average for all | | } 
containers | | 
an tem- } 
| peratures....) 38.7 25.7 | 11.5 13.4 | cst dtZ. 32.7 13.9 | 5-5 A ee 
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TABLE I.—Germination percentages of seed stored in different containers and under 
different temperature conditions—Continued 












































| Average for all species. Average 
Tas ea ns) ORRIN 
Temperature and containers. | | | years 
| 1910 | 91x | ora 1914 = = 
| | sabia 
” Saree eee! ees | : aes ee 
| | 
Fluctuating temperature: | 
NS carta Nines ah So akbicbasakeiexne tens ss 48.1 | 37-5 23.1 17.8 31.6 
Paper bag, paraffined 49.4 | 40. 6 25.1 20. 5 33.9 
Cloth bag 40. 5 | 30.0 19.9 14.9 26.3 
Cloth hen oiled. 27.3 | 20.0 14.5 10.0 18.0 
Bottle, air-tight 60. 3 58.5 51.1 48.8 54.6 
Average for all containers.................... <a 45.1 37-3 26.7 22.4 32.9 
Indoor temperature: 
rie ida ks i a ivtnt/p stn do Beka ay aha eenoee 51.3 40. 7 26.5 17.8 34.1 
ey os ESTE ESSER ert SEs: 55.5 41.9 28.3 21.3 36.8 
SR Re ee ee, eee i ee ee 43-7 32.9 21.3 13.6 27.9 
Gotk Re ere FE 31.1 23.7 16.3 7 20.9 
ee ee ee ee 60. 6 57.7 49.3 ! 5.1 54.7 
Average for all containers............... raente Karl 48.4 39.4 28. 3 | 22.7 34.7 
Low temperature: 
ee Oa ET Cee mIe Se 40.8 | 27.6 15.9 | 12.3 24.2 
SS ere Pere ee 45-9 | 31.1 18.9 | 14.3 27.6 
Cloth bag... EE ea ee SE OE EE ENN. 35.0 | 23.4 13.7 | Int 20.8 
i SO Eee rrrrees: cere are 23.2 15.9 9.3 | 9.1 14.4 
Bottle, air-tight....... shea ak vinccrsdovn inca woe a aie 62.1 | 57.4 49.8 | 50. 6 55.0 
Average for all containers. .................0005 41.4 | 31.1 ans | 19. 5 28.4 
Average for all 3 temperatures: | | 
| ERI PI ene 46.7 | 35.3 21.8, 16.0 30.0 
Paper bag, paraffined on tied 50. 3 | 37-9 24.1 | 18.7 32.8 
0 eee 39-7 | 28.8 18.3 | 13.2 25.0 
Cloth bag, oiled a a ey 27.3 | 20.0 13.4 | 9.6 17.6 
Bottle, air-tight... .. 61.0 | 57-7 50. 1 | 50. 2 54.8 
| | 





Possibly the germination test was not continued long enough to deter- 
mine the comparative germinative ability of the seed. When the test of 
bottle-stored seed was continued in 1912 for 270 days, an average germi- 
nation of 58 per cent for Pinus monticola and 76 per cent for Pinus strobus 
resulted. This is in contrast to germination percentages of 8.2 and 30.4 
for the 129-day period shown by Table I. Again, in 1914 when the test 
was continued for 155 days, the average germination percentages were 
42 and 58.5, as contrasted with 26.2 and 48.7 for the 126-day period, 
also shown in Table I. When the germination figures are curved, how- 
ever, they indicate that had the tests been continued longer during the 
years 1910 and 1911, there would have been a considerable increase in 
the germination percentage shown by the -tests of those years. It is 
believed, accordingly, that the figures in the table are a very fair cri- 
terion of the comparative value or condition of the seed for the years in 
question. This does not explain the reason for the sudden jump in ger- 
mination of bottle-stored seed in 1914. Frankly, the writer is not able 
to assign any definite reason.* The delayed germination in nurseries of 
these two seeds, particularly Pinus monticola, always is a source of trouble, 
and it is not surprising that in these tests they have not followed a 
course similar to the other seed. ‘There is much to be learned about 
these two species. 

In addition to pointing out the very evident superiority of air-tight 
storage, Table I shows that the other containers should in respect to their 
merit be placed in the following sequence: paper bag paraffined, paper bag, 
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cloth bag, cloth bag oiled. This is somewhat interesting. Small lots of 
seed of a few pounds are perhaps stored more often in a cloth bag than 
in any other container.. This study indicates that on the average an 
ordinary heavy manila type of paper bag would, if tied at the top, be 
superior to the cloth bag. If the paper bag can be treated with a coat 
of paraffin, it will be still better. In fact the germination percentage of 
Pinus contorta in the paraffined paper bag was slightly greater than, and 
of P. ponderosa nearly equal to, that of the sealed bottle after one year’s 
storage. The oiled cloth bag is decidedly inferior. This is much less 
pronounced with P. ponderosa than with the other species. Whether 
the general inferiority of this container is due to penetration of the seed 
coat by the oil and consequent injury of the embryo, to the prevention 
of access of water to the embryo when the seed was sown, or to some 
other cause is unknown. Regardless of the reason, the truth is evident 
that such a container should be avoided in storing any of these seeds. 

The superiority of the bottled seeds over those in other containers is in 
all probability due to the almost complete suspension of physiological 
activity by the seed thus stored. (This was not verified by any experi- 
ments undertaken in connection with this study.) The two conditions 
essential for such activity are warmth and moisture. The seed in the 
bottles was of course exposed to high enough temperature to induce 
respiration, but the necessary amount of moisture for any great degree 
of activity was not present. Such moisture as was present in the seed 
or bottled air could not be increased by additions from without. On 
the other hand, the seed in the other containers was intermittently sub- 
jected to both temperature and atmospheric moisture conditions sufficient 
at times to induce rather active respiration. Such respiration can be 
carried on only by using up food material stored in the seed itself, with 
the consequent gradual weakening of its germinative ability. The seed 
stored in the paraffined paper bag and the plain paper bag were, it is 
believed, less subject to changes of atmospheric moisture than that 
stored in the ordinary cloth bag. The rate of deterioration was in 
consequenice less rapid. 

It is quite generally held by forest tree seed investigators that the 
true criterion of the quality of seed is not alone its germinative ability 
or viability (germination percentage) but rather this germinative ability 
in conjunction with germinative power or energy. Rapidity of germina- 
tion (the germination percentage at the end of a certain period of time) 
is the measure of this germinative energy. This period is measured from 
the date of sowing the seed through the time that germination is pro- 
ceeding steadily and rapidly and at the end of which it starts to fall off 
rather abruptly. If the progress of germination is plotted and curved, 
the point at which the curve begins to fall off rather abruptly and flatten 
out will represent the number of days which should be selected for that 
species. Now, the quality of the seed will be determined by the mean 
of the germination at the end of this period and the final germination 
percentage. 

By final germinative percentage is not meant here the absolute final 
but rather that at the end of a reasonable period. Accepting this hypoth- 
esis, Table II was prepared, and the curves in figure 1 were drawn from 
it. They represent the quality of each species of seed stored in each 
container at the end of one, two, three, and five years. The periods 
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selected for the measure of germinative energy and final satiletn 
were as follows: 


Period of | Period of 


germinative, final ger- 


energy. | mination 
ya tos ie) SOU RTE T I 9 am! 
Rarelmann eoruces); (u4. fa) coy a slr dee wah Apes Dae secet ndiiauciacs 15 30 
i tA 5 58a wiclshe sR a Sg Bek Sas hak eS eR eae ERO 15 30 
PRD, os o.0c) tint hee here wen ees agi, Venera Anat ey Agr s 55 80 
Weneerm yellow pile. 1052257. 205. ALY. ATO PPA ob 45 105 
Weiteuete) ti loiio eis os Sub. ay. reminds. nl vacei tal 35 IIS 
WIT AIOE. 5c rslesey add tiq> acpord sereqreiseres Agen 45 115 





The germinative energy periods were selected through the use of the 
germination curves as the guide. Other investigators may not agree 
with these periods, and the writer will admit that other lots of seeds 
might indicate periods of different length. The period of final germi- 
nation is the same as that shown in Table I for the year 1910. It was 
necessary for comparative results to select a period not longer than 
that over which the tests were conducted in any one of the four years. 
The tests were discontinued sooner in 1910 than in any other year, and 
this led to the selection of the test period during that year. 


tome II. unity of seed after storage for 1, 2, 3, and 5 years 


























Quality expressed in percentage after stor- 
age for— 
Species. Container. 
I year. 2 years. 3 years. 5 years 
Picea engelmanni.......| Paper bag.. 42.0 33.8 11.7 5.4 
Paper bag paraffined 44.2 38. 6 12. 4 6.6 
Cloth bag... gawk blige. © 26.8 7.8 44 
Cloth bag oiled... -.| 260 19. 3 Ow: 3.6 
| Bottle air- tight. . ica Mp aad 66. 6 76. 6 55-3 35.0 
Pinus ponderosa........| Paper bag.. Ka ag 52.2 39.8 27.3 23.4 
Paper bag paraffined so) Yeats 41.0 29. 6 25.8 
Cloth bag.. iis: Mae 39. 6 28.0 21.5 
Cloth bag oiled. oe ree 39-7 26. 3 20.1 
Bottle air-tight......... 64. 8 58.0 46.1 47-5 
Pinus contorta.........| Paper bag.. nee 59.0 54.3 | | 33-6 26.1 
; Paper — paraffined. A ee | 65. 2'|'? 37.6 32.8 
Cloth bag.. wath baggy? 47-4 | 27-7 19.3 
| Cloth bag oiled... ohies 15.0 17.8 $a. 3 9-9 
, | Bottle air-tight......... 70. 4 73-9} 56.3 55-8 
Pseudotsuga taxifolia...| Paper bag.. eo 20. 8 11.2 | 2.8 te 
Paper bag paraffined. wat 26.0 14.6 3-3 9 
Cloth bag.. eye 15.0 8.8 2.2 “§ 
Cloth bag oiled.......... 6.8 5.2 .6 ol 
Bottle air-tight......... 46. 3 47.2 32. 4 | 27.6 
Pinus strobus...........| Paper bag.. tem ae 13.2 3.0 3.0 
Paper bag paraffined =— 13.6 4.2 2.5 
Cloth bag.. itd 24.0 7.8 2.2 2.2 
, Cloth bag oiled........... 17:0, | 5.8 2.0 8 
Bottle air-tight......... 49.6+; 26.6 14. 8 | 22.6 
Pinus monticola....... Paper bag... et, Ae ph eee 3.2 | ‘7 
Paper bag paraffined. ae 17.3| 18.2 2.4 | 4.4 
Cloth bag.............. 15. 4 | 9.4 1. 6 | 2.3 
Cloth bag oiled..........] 11.0 | 7.8 1.4] 3% 
| Bottle air-tight......... 19. 3 16. 6 ap 27 
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These curves are interesting. They emphasize more than ever the 
superiority of air-tight storage over any of the other methods. It will 
be recalled that, judged by final germination percentage only (Table I), 
the quality of lodgepole and western yellow pine seed stored in paraffined 
paper bags was at the end of one year practically equal to that of seed 
stored in the bottles. The curves adequately dispel this idea of equality. 
The bottle-stored seed of western yellow pine and lodgepole pine excels 
that in paraffined paper bags by 11 and 4 per cent, respectively. Further- 
more, at the end of five years the bottle-stored seed of all species except 
western yellow pine is practically equal or superior to that stored for only 
one year in cloth bags, and the bottle-stored seed of western yellow pine 
is superior to that stored for two years in any of the other containers. 
Douglas fir, Engelmann spruce, and lodgepole pine seed stored in bottles, 
western yellow pine in oiled cloth bags, lodgepole pine in cloth and oiled 
cloth bags, and western white pine in paper and paraffined paper bags 
show some appreciation in quality at the end of the second year over that 
at the end of the first; there is in general a marked and fairly uniform de- 
terioration of seed for a 3-year period, after which it is less rapid; the pre- 
viously expressed relative merits of the various containers is confirmed— 
that is, in the order of their merit they should be ranged in the sequence 
of air-tight bottle, paper bag paraffined, paper bag, cloth bag, and oiled 
cloth bag. The oiled cloth bag is so inferior that it should receive no 
consideration at all for seed storage purposes. 


EFFECT OF TEMPERATURE 


Of the three conditions of temperature under which the seed was 
stored, Table I clearly indicates that the highest average germination 
percentages were secured with that stored at the indoor temperature, 
followed in order by the fluctuating and low temperatures. The differ- 
ences in the average germination percentage for the indoor and fluctuating 
temperatures is only 1.8 per cent, but the superiority of indoor tempera- 
ture conditions over those in an ordinary basement or cellar is indicated 
by an average excess germination of 6 percent. This general superiority, 
it will be noted from the table, is consistent with all of the species in- 
volved. Here again, however, the superiority of air-tight storage is evi- 
denced by the fact that the seed stored in bottles at the low temperature 
shows no inferiority but in fact a slight superiority (0.3 and 0.4 per cent) 
over that stored under indoor and fluctuating temperature conditions. 

Leaving the general averages in Table I and analyzing the results in 
Tables IV to IX, it will be noted that the superiority of seed stored at 
the indoor over that stored at the fluctuating and low temperatures seems 
to vary with the species about as follows: Engelmann spruce, Douglas 
fir, western yellow pine, western white pine, eastern white pine, and 
lodgepole pine. It will be noted that the two species, Engelmann spruce 
and Douglas fir, most susceptible to deterioration in storage were the 
most favorably affected by storage at the indoor temperature. The 
better results from storing at the indoor temperature was most marked 
at Halsey, New Haven, Lawrence, and Ann Arbor. Poor germination 
resulting from storage at low temperature was most pronounced at New 
Haven, Pikes Peak, Pocatello, Waukegan, Halsey, and State College. 
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TABLE II1.—Germination percentages of seed at the several storage points 
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TABLE IV.—Germination percentages of seed of Picea engelmanni at various storage points 


le) 
On 
_ 


Storage of Coniferous Tree Seed 





Nov. 26, 1921 





No.9 














‘sapad € 10y adBIBZAY 2 


“MMOS JON @ 











“1133303 Paes vp 
























































































































































ver- 
age. 


[..Worneurmss3 ou,, a3eorpur siapee’y] 


c -OL/g “11/€ “1/6 ‘elo ‘6elr af |p eee te- S-ec\€-SLio-r |L ig-l |S -fe t-egig “Seek “ef lg Eid a “gt re re ae een? Pee RN SSNS DCS S ESS COE E ES asBlsay 
J. i |. i 
| lr-re |t-€x 9°R1S GLi*---jo-r jog SH jo-zgilo-r S- \o-6r/S-e lO *£L/S «x jo"9 a, ipcralaiadtte dt Aaah hos thatettin gta SS MO0’T 
| | |g ob o-br iW -eeio-gl|S 1 jo-r |-*** S-1f 0 “1g/S "eS 0 -£9/0 -oL 0 -69) din vm ind. —ae sibeihGbibiebbttbebbt abt o> ioopuy 
| \€-1€ ¥ -gz\S *gg|S -x jo-z1|S *S1/S bE S$ Eglo “be|S -EL'S -Stio bh 0 “29)0 “iS “9¥/o “20/5 “E9 AE Sper ope eee Res ee ade Zurjenjzonp yy 
eS | PAqeN ‘AasTeH 
z elig *1¥io -fS\s LS\t “056 Ss Z*1gig bre SziL -gz 8 °9S 0 “6L\0 -ob\o “1S|z “Sg'o -6r L-glit “ort *Lol€ el L -hic ‘o9/¢ Sie Sipe GST. A Ro 9222 carer neomened aBelaay 
| | j } | } 
| | lg-SS5 § *SLio*b1'S -oz|S “St {) (9) (a) (a) | (a) | (a) 10 “WL/S “PS 0 -Lg|0-09 0 “6g\0 “£9 10°69 ES 5 0 nce a ey AS) SESE MO’T 
| \v-eg lO *gg)\S "re 0 “Obs -zE 6 -Lg\0° oi ae, ae 10 *LL/S *Ggi0 *SL|S “PLS 12 |O *6g)0 “14/S -L9.S «gg ae 1oopuy 
j £-f¢ 0 “ov 10'S jo 6 lo-g 10 *1g|0 “Lr /0 -g£lo “6S\o bE (0 6L/0 “St\o -19/$ *tgio “Lo 0 *LL)S “¥9) () is “6S ae ee eager Serre Burjenjonyy 
Wet eS DOW *N ‘piedeg yoy 
€ -PLiSo* lo-e lg 6 |e-S le-gr L 9 : z -€g\- s° S99 lo t ig “Ole - « i at “1819 -gr| Ee ee ee ene ee eee a3BlsAy 
| €-Lr 5 -¢S)° Pe ee eee Ig - SLL seetlg -€ lo-eels 61| Wriffrurmrerrerie. oe | MO’T 
| io “61 § -rL!- S-Lg coccleces ov S$ +L9 Is g1\0-LE 6.60605 0000000006600008 60baeceeeegs 100puy 
| lo-gt $-oL\: lo-gl|"**"|S-2 lo-fx S+LoS+ |--*-lo-geloga| st sc st eter ete rete ee rere eee ZurnenpNpy 
| “TIT ‘sapund 
v -gojé “S1\P be “SE'b -ELlO “SE €- L-elie -ez\€ of £ gh “g/L -6E\S Wig ee CS es ee ee aselIaAy 
| 9 tf 10 91) ** "|S 6 |S -6z/S of iO *SL/S -L $ 61\0-1S wigs BHO Gio Cys Thi 888 One ese pases sp oes eh a> MO’ 
S-ov lo fglo-z |S -z |S -oblo-1b 0 -gS|0 -¥b/S -1bl0 -zS 3 Sep gow LElo Glin gps Ogi Ole e eee ceescars 100puy 
orf 0 *6Lio-1 joe jo -oz)S -1z 0 ‘Sgio *St\o ofio -zh I “SP|S -og|S “GE'S -6E\S -or sutnVeNIoNLy 
| | we | a “UPEN ‘Joqry any 
| | | | ey 
 j—|—|—_—| — —|—|—|— | | — |_| —_ | —-|—_—_ |_| — —_—\— {i "|! 
e;1o | |O eoume| |Q > eonnen | 
Piel?! se zie el eige S Fei E Sl se i,2/ 8/2 2 iF s1e12/2) x F| 
S/SIE\ B81 S188 S/F |B RBS S\e/F BR 8S Sie] s BR BSslsleie 88 
° 4 ;4 g é = | Be! & o | = | W=9 5 o | ele Be 5 Be ° o Be o 
a ° 0) B, |B.) B. | 0) B. 
PEER El sete |e eae get |e 2 ae get) | EE ee ges) 2 |e |e Bgl gz | 
e\e| | 8) leel@siei/2) (2 Fee 2) |B eee 2) |B) Bee] e) | El 
— $ = | . > | | . + . a « a 
Ee 2 8) do BI Es B. | | Ee 2 3 a | o £ e | a | es J Es a 3 | “BONTpuOS ainjesJadure} pue yurod 381035 
rf | = aye: | 
sivadk ¥ [Te E | 
40} sainjeledurs} P > « . €f ‘216 ° ee | ° ‘ j 
€ ]ye 3e Jautea09 S 389} Aep-bt ‘h161 389} Aep- c161 3803 Aep- 1161 3803 Awp-gz ‘0161 | 
yove Joy asvIsAy s | 
4 





sj7uvod a6n.104s snotsva 4D suunuyabua ve21q fo paas fo sabvjuacsag u01j0UuImMsaH— AT AIAV I] 





“nro o 


aoreoonwr 
SARSSSSSSS8 22 


" 


SEP PS IM oT 
OOD ‘Weed sama 








Fon5% . — | — 
zg 9 -ft\g-gt * P . voeedes este Orig Le » Be ‘e-1r€-9 ie Gee elle S$ -LigIzig- -ev|e-eL)d “Se 











Rs Ps FR ee ee ee ee er) +++ 11 10 -Sgis - “++ lo -eglo-ed): 
SHocoe[eo ec} ec cc [ soln gio gll-***jo-r |S -zfi0 -G1/€ -VSjo “EL/S -G1)5 « *B5|S “69/6 -SQ\0 “gg/0 “69/0 « oy 
wefeee eens sl6-Srls egelesss|s-ssloer [+--+ |g oz! ? +1 'S+L lo-br\z -ovlo-LL\o-g |s- “ -2¢ Zunenzonyp ys 
| i | | SUUOD ‘UsAeH MIAN 
sv ib ‘ele “gle 1 


Vol. XXII, No. 9 














ssBIIAY 








16 xis “oe i “1° *1GSaiS GLi- °°} ++ }t brio -6g)- 
“|S -wa|S -xZ}° °° I 6 -ee|S “€4\----]****lo- 0-1/5 of'0 6o90-« 
“'€ -grlo-mgy s- ‘Izjo “vgs 5° 4 “gt Buljenpny yA 
| | | | SUBy ‘sus Mey 


rapeee *gS\L Stig -9s “g3eaay 





























6 vee vO LE - lee Ene Stloogon fae ere ee 5|8-18 “gig -z£|S -gSig volt “Lv 














erg |s -Lvja-glo-f |s Valo slo u/c 2015 oals - -£g\0 -SgIS -ghlx -zgl0 “cL|0 -gglo -bS'S -zS 
0-6 'g -1£'S -1g)° ee “vr|S -z£\S of S -Phlo “LL . S/S -Szlo “S¥\S -og|S -L jo-WS\S -gS 
lO *gI|P -gz\S -og « lO “OS -L1/S -¥glo -zgio- ‘ *1L [0 69/6 -h/S “LS “L S$ -gg\0 ‘gz SuRjQennL 

j | } | ; “ACN ‘Bornounf sJeajy aye’T 


_ 








$ gris -62.6-vele-a€ [p-pale-ae| | S- [---(6-belg -16.S- o-€ le -Selg -fz\6-1¥\g -12|s -celg- € “GES -E¥)5 -f9/e -9r|s ev Eo 








{») | (») $ S118 -gt } s- |s- e- “exlo -ge|S -19/S “1 |S -gz!o-re 

sreelts es oop fos 1S g€io-1Z/S “1 jorg |S “18/5 -oS q $ 6S|0 -L¥lo -£9/S -cb|S -zS 0 -6E 
cree $ -€z'S -ozlg +19) - ‘of [S -1zlo r © -LE|b -SSlo -gglo -SE|S -1S 10 -zg/S - Sunenzony gy 

“ACN ‘eoeqay 














i) 
Baa 
” 


| 
a 
AV | ms 
P=) 
o 
g 





“Beg sadeg | 
“Req sedeg | 


“‘Beq jadeg | 











WA-IWe epNeg | 
“payo Beq yr0j.) | 
“BEG WIOD | 
“peuy 
-joied 3¥q Jadeg 


“‘BEq YI] 


“‘peuy 
-jeied Seq jadeg 
‘Beq sodeg 


“Beq M019 | 
‘Beq YIOID 


“pany 


| -yesed deq sadeg 


4 
) 
~ 
3 
& 
“a 
.*) 

< 

~~ 
8 
~ 
3 

— 
= 
S 

‘> 
= 
> 

< 

mre 
iS) 

Bes 
8 
3 

° 
= 


“Beq yelp 


“SJ9UTBJUOD 
| [JW 10} adesaay 
‘paug 
| used Jeq sadeg 
‘ploUIBjUOD | 
Ye 405 atesaay | 
“SIOUTB WUD 
*SJIUTBINOD 
@ 10] asesvAay 


“HONIPUOD 31njzeladula} pUe 4UIOd 3381035 


WIN-s1e apnog 
‘payto Seq yO] 


























14317-218 aqOg 
“payio Beq YI | 
“WysI-sre apog 
“Papo Req yr} | 




















“pag 
~yeied seq Jadeg 
| "pape 3eq W201 
| aqapare amog | 


“suvad ¥ |e 
JO} SIITIEIUVOS [TV 40 aBvI—a. 
| 
| 
| 


“sivadk ¥ [ye 
JO} Sounj}eiodute} 
[je ye JouTezaOD 
yoea 40) =oseIIAY 


*yS9) Aep-bf ‘b16r “ys9] Aep-ff ‘z161 *yso) Awp-ff *ys93 Aep-gz ‘orGr 


























{,, BOIeUINAs OU, JJBOIpUT suZpKd’T} 


panunuoy—s7urod abn10j8 snotspe yD 1WUDMIabUa D9IIT fo paas fo sabojuazsad uoyouims— AT AVI, 








"SIBIA £ 1OJ IBRIIAY g “HMOs JON v 





—_____—— . ye wis 
(9 OT/O-gS Ly jos 6 orig Of z €-o7 L -Lzlb -6£ \9 WLiz WEIS Loz -Leig: tly “ovis -fh'---- S}U10d aFes0}s []e 10] aBesaay 





z-vzlg- azle ‘Lz lo-P1\L -Gg\z- jrveefeees oclo-tgi'*--le- = ¥ ft'g-12 o-L 1s £1/$ -evl0- “tS ob'o-191¢ -g1 OElS “Ly - ““gsulIaAy 
a FE Le pian 

“Po | €-or/S Sg --- |S +E |S -rzlo-ry €-gz!$ -gS o-€ jo-r11!s -gels 

+ slipeedllh »<lliiee nares ain iad, Clad pina ongeeas “QIig IPO -LLS po | ve\s *1S|o -ob lL ‘ves “25/5 -1/s -gf|s “o/s 
lr-z€ (€-S1is- iciond bikes gs) *f lo-gfiofZ'S -F jo — +S\o “Sb!S -oS|o-1rL\0-zflo-19}0 “SE 





“TLE ‘wesayne Ay 


eniletaaies —— 








f-zr ee re [eeleoes [a= lg Sa get: : lez loft tgif c -f1le “gf oe “a3esaay 





\n-hn |x -€r|S “Sgt * "|" bowels . Aer Ne ee oe Spee eR ~~ |e sels pls $5 lo-gzlo-# - seen ory 
£-g1 € -e1|S -19\°** . ecole sale Sees eees eee y : $+ £ -1£]0 -L9|o°1 lo -b1\S «ie wees eeeseseees ee 

Vegt PerrjoLs, dee pb aa 7 S-z jo-eeis -g8/S *S jo -orlo ‘S¥jo of Sunenjon yy 

| i VAM ‘MesIENY 


IL veqig-gt ov, (v) | (v) | (v) s 4 | s- ig 6£lo-sslo-ge 
lo-St \¥-6 o-tb! terrlssss QO Seis Sgi----jo-S IS “Ezlo-12/9- 5 , fe in ee a 
lo-gz |I "QI 00g pot ek i Oggi" |S ° S jo “ze]S - 1 |S S$ -62/£ -6£/o -ggjo “fFIo - sunenjnypy 

| | } | | | VB_q ‘IBayjoD 2383S 

















| | : es >| —— : — = 
L-trigL1j6-Sziz 61iz-ge 1 +2 oie 99l" "igre OPIS -z¥is bie L t-telr “gblo “Sglz 19) ¢ « ws aselsay 
| | | 
































3 
S 
S | 
Y) | 
iS) 
S 
od 
i | 
« | 
=. 
S 
~ 
i) 
—_ 
3 
~ 
S | 
| 
ae | 
S 
S 
SS 
8 
- 
= 
J) | 


S oF O-bHI6 “SH Oo -Se 8 °S9)5 wI/S-g z e “ile *L1\S LY La *1L]g ‘obo “bbs -gt|S “tH9 *rg|Z : “gSiz “09| Is -6v 8 “SS|E -1H/S -gri ‘svlo “9S aselaay 


_— ——— = =| = 








Is- le-€e ++lo-L lo-bils « ‘thjo ‘SgS-1 |S -1¥l0 -6£|0 -€16 ‘eflo *L4S|0-6 |S 6x5 gt)s “of 
S-z |6-SS 0 -LS|S 6S 0 -bF S -6g|S -gl S -bg 0 -£L lo *69/6 *Lgjo- 19|$ *1g/S “gl S$ -PLiO “vg 
$ -gh\¥ “fo S$ *SQ|S -SQ'S *LSjo“SS)€ -EL/S gs =a S$ -ggig “LS -6P|S -ES|S -LE oO -Pe S -£L)° 
| sOYeP] ‘O[Ja}B00g 








¥ gh gov L wPlS «25g -oblL -eS lo-t¥g ae o bE |z “vs L-oviz ob L -6¥ “OS |g -#S|z 1g. -€ ye -1Ple - oe a a “ssf “2g\L “eS "o3e12ay 
' } { 








| | 

zt vr O-eL| . ‘IS -1 of |o- ozjo-1g ** "|S 4 jo- “42 *1¥|S -oglo -£1\0 ov 0 -6F 0 “gf 

g°t9 lg -25 0-69/S - rE}s - 0° -gtig £2 o velo 4918 - 12 PLIL glo -LL 0-09 0 ‘SQ Se L WLS -z6lo-zL\s “29'S *€2'0 “£2 
o-Lg |L-19 S “ggio “6S\o- © -9S|z -2£4|5 -1glo -ggio -gg § -PLIo- alt “IL|S -“SQo-1d § -1S|0 -GL/S Peaeaeae *€9'S -WLio-eS|*- Sie end: (7 SEVEN 

| \ | } } } | OOD “Akad Sod 









































\ 











Journal of Agricultural Research 


498 


Vol. XXII, No. 9 


ct 














2 °ERS 3 |f “3/0 09S *& [0 08/0 -Z£\o IIe -LE|S SSi0-g |S «16'S SH 





S+LE]-o eee e eee tenes coe sage cpmawenns aielane 

















‘WYy31Q-41e ayo | 





¥ [Je 10} sainjeted 
-tra} £ [[e ye Jourez 
-%09 ova JO] aBBIIAY 




























































































*3Ssa3 Avp-ve ‘F161 *yS03 Avp-vE ‘e161 *3s03 Aep-vt ‘1161 














*3S0} Awp-of ‘o161 


| v-Ee (6-2 [O "6E|S * RON eee CRS t Gro gS\""* |S -£ jo “Ga/5 *22)9 “06/5 “95 "** "10 -Q\S “LEO ‘ove “QES ‘QvO-z ea SS e268 Sete eee SSS ERT - Buryenpnyg 
| fo, Bow A Pee Ge ea | ae } “ACN ‘worpune read a4e’] 
+: |1-9 |W -Pri6-ore Sr [L-E |€ -gr)- jrtttigee is €-L1g "18, --*" gf e gilt -ex\1-ge S -15|S +x |S 0z/$ -g£/S -of ASS Sa SAR SE Oe ee a3eIIAYy 
rar \0-984| (@) | (| (@) 7 Tiaslgcor|s Sl |" |S -S [oe [PoSeIS HS|-- -lo-erlo ES qel- coc eee eee eee e eens eee eee ease ener ee MO’] 
j | Por [S-x |S°L °°" *]: lo-Etlg-1£lo-0S|S+ [S-1e0-OS|O-LE|- essen eet teeter tere eee s00puy 
} | \€-gr ig °S jo Ge|---*|° ovezir-Leo-0Sio'W o-gt S$ Lzio-ge Zunenpnyy 
| | j eat ES Eee | SA CN ‘weg 
i fv [2-12 3's |9 ve 0 6E\z - |e -Lrif-98 eda ea anlaladaaees ee asvaay 
9°S jo-gel-- S- g°L1 $ “Sb *-* o'r o-L2|S “bz PTT TUT TTT TTL MOT 
r°S |S Sej-° Sg lp-zels-evis-S lo-glo GlloGE tnt Joopu] 
€-e |S -rx/ oe ey Sere earn ep Ware Gee aa Oo Sores seereccesees Zuyen pny y 
| Sa | >Igan ‘AasteH 
¢ £1\g “vole r €-L1? ve\s ‘0S|g S1¢ ‘SE\s “LElo €t\z “££\¢ -2S $ ‘S118 “gt\L “9f\g -1£) Sadessreeddsedcosscdeudecectee aseway 
6-0e|S ¥S\o-1 |o 61/5 -¥z|5 Sz| (ov) (w) | (o) | (m) | (o) | Go) O VEO ESO-g 'S WHS Qelo BET Ofo -—gSlo-gIS LEO Slope" ene tee e etree tee ete es MOT 
66 |S Wlow |S-o |**"*1S+ |6-ez/S -eS|****/S -L1/S -Ezlo -1z/€ “6Elo HHS VE|S -ZV10 “OFS “SEig “GE'S “SHS “LEO “EWS “OMS «eE\"* sss teeter teen s00pul 
i e S- 9 “bx S -oblo-x \s -L |S o1/§ -€110 0f'S -WSi0 -S \o ‘6110 -gb|S “Szig -fz's -Ss seeeleeee |S “Elo -6z) Serre rrr ree ee eee eee eee ee eee Buen NLT 
at) | i | aa ‘ee add | Xow 'N ‘prvdegd Hod 
rv irs ff 1x ga | 6°6 S6bl-- leer le -+++lg -€x.g -0S|$ “9t|"***|o-r Le |x 1.0 -6b|"*""\S° een irs ee asuiaay 
—_ at Ce z-oro-as|*|s Tt stloprlo6gl lor pes Pere er er es er ered Oe MOT 
\€-or ****166 |S -6¥i- lrg |g -g feeee |***love “lL rlo-rS sees), ovr |§ S109 | eee eee eee ee sJoopuy 
z-er 999196 loge oc cissceiee es |*+*+/€ Gr\o SPS Gb} -***|--+-love 146 S-gf|"***'S- On re ee BuNENpNyy 
' CE ie ee ae a | feeds pot S$ Seo ewe | ‘TI ‘sepund 
92 \p-€ gtr 6 6°f1 *+**|¢ 01g -Sb]"***lo-z ot lo-r Lgl -fb-"""\g° g-ee\e 91 rg PE\z-9 OETIE GEIS -<Gxl"s cosets e etter eee ces asuaay 
| or lrg foot] Is lgaals [| Se love (S grls SHS Tatler tel gelS- [Ser 0-—gflooe Dasenignakieiennineecy o4a ean MOT 
| Iv or 19 OLS -¥¥)***"\O°€ lo-S S- l6-Lrlo-1¥\****lo-e jor2|S “Sz'x -Lejo -LElo -gx)S ‘tz0 VElo We) RESELL ESOS S LATED CREST OEY ES s00puy 
| €or Bg |S -6Ej°**"j--*- So |S +o jL-Ex\S “weirs *|*e 0 °S1/0°6 |o-or|S -61/* **lo Nt 8 OARS eS PEPER ST Zunenpnyy 
| | } | | | | | Wo ‘Joqry auy 
aathccnal Cele: Ee Be ee es ee ee ee ee ES Bik BRS, Sea PS bet = OE Ee Se Be an oe 
2\/2) yy] el elwpicial wy! elip]e e@) ww) eiel ela) wy) ep e | ty 
sis| sis e218 1/8 15 Sie 2 Sie) Fe eB) 8 i,39/8 Oo Fre e/ eile S| » 
S &i88| $88 2/5 F\.2 B88 2/ £28 2882 & & RR BS/2\/F & RR 
a o Po a 8 Be a i | ee hao Bs ae g eo Dalia ee e A thal z a lg Bo 
i} o Fy pd B o | pa Bol os |§8) . ag) FB?) 2 £ 
© | -o; 2. | Dp = 0) B. = . 2. lad . £. | 
EE aE F| Bt 2/2 Fag Fie 2/2 Zaz ge ie? 2 2 Faz zg =| 5 EE RE 
if Zl lSelas| &| & “Bi BSiele “Zi is8iele "el" (g8ieie2) 1 By" 
| 5 3 “ =) p) = | ry 3 2. > z i 2 1" pp = g | 3 | " p 5 q | 3 “‘GONIPaos ainqesadma} pue jUIod a3e10}S 
Bi se g 3 | Rae 9 a | i — (i Te. Ge ea vl 
‘srvah | E| 
B| 
a 
Ss 
” 








| 


[,,Worneurarses Ou,, 3}8Iput siapee’y] 


sjutog abpi0js snotsva yo vyofixn, vbnsjopnasg fo paas fo sabvjuarsag uoypurmsaryy—* A BIaV] 








“SIPaA £ 10] SBBIBAY g “TAOS JON v 


-ofle- iL> le- 2 lg ¢ les lew fearless + '6-6 |6-Sr S-e1\g -felg “LP |e -L g° St\9 -9e|9 -12 ig syutod 2281038 [18 40} a38s9Ay 








6 °SPiSO* z-F 9° " 1 ee ee ce ees eee eT ee ee ‘diate te § “Sr\L -6Y ° | og Pores *1S|° ““|eorlt elt 
o-31 Tale “€s| ee res eee cr eeleees ig|S -gS}°°- | "=" 1g -eals | sues ses 
Se eo . a= i $ t1\6-Selo-¥5|- $ -gz) 
lo-L | es 8 81/0 “LPI 5 eu onl se! o-fz!- 


} } 

















o-11/g-¥5|"" ies “lee Lexis £0) ----le- e g | ose ‘ “-98epAy 
“gail 8] = is Seri oT poe . . “G |-ee- : Pees eeeeee sees mope 
"je- veel jor ‘ sels * ele gzio-eSi°*°- B eater eee es -* yoopuy 
i “le x18 *2B)-*- "|" "los “ eee --sunemonp 

, CAM ‘MBSIE AL 


o-9 |g *er\g ‘eS “ENE -ge J : aseIAy + 




















|g -oz|S -SS 

Ss: Sarl -Se\S -25 

$9 |S -zz/$ -o$ 
: = 

“$P c-11|b-S1\z 91/0 “b1lo-or | “1flz- 1 | 0 6 g Se\€-18'S 6 |S -ze\e-ge)L -grio-fe|£ +18 
hee 


Tree Seed 

















joa L-S1|$ ¥S,-**-lo+r oO ‘otlo-f lo-br/0-SS S-z Is -9 $-s 
-Jo-o1\0 *Sfio- € jock | L-gti\S-ov S* jo-OT\o -gr/S -ezig “E'S GP] S “gto -gb\0 “of ° 
lo-e is-x |s vzio's ° “ *t2\S -z¥lo 6S 0 °gz\S “OS |S -zbiS -zE\E «1b S GY 0 *t¥lo -SEio fb 
a a hat sc 38: | =e -oyRp] ‘O[T9I"0g 
gbrio-L 6-071" ; 4 . ez LS lof lg-1eg° evio'S (Sr a ig SS\e-e je-efe ‘9r8° “€c\¥ “of 10 “LYE - 4 “Lele -6eig ge PESLPEASS 7: asBlaAy 
—' ——!—} — 
erevlesceleces jre-le-g Is “€e)---*| | Pe Fae aee reers ee “le. “Lao ¥e\s-vels-5 Is-g lo-g 
S-9 o-rtjo'S |€ e)0 “gvio- 11S *Ezlo -fz.0 zig -L£lo ‘tgS% |S PS0 ‘t£}0 “gf |0° £b'S “SSIS -Ez\o -oSlo-Phlo-zb|---*--* cere 
*I§- ‘0-9 low iL ‘z£lo 6 + lo-1VO-SES HEi0 SElo Ghote o-chS “ovis ev ote 9 mS} -1S Leis - “ees « _— - Buenpnpy 
| | SOJOD ‘AB S9Atd 
3s ie € — “gr “SP £01 f -61\t “St --98e0AY 
| | 


onijerous 

















C 


one ee | | 











/ 


as oe 




















l€-o]S-zhi----|S- log Se 
“S$ +t! -6 \6-18}5 -oF Sof $ -6£l0 “LE 
“|b txlo-t sfeees Seen Sk 





Storage o 





9g °f1)/2 oS 





€ ors -xS\°* . o| * sane . “* eee “"* MOT 
f-gtio°L¥\°*-- weer x aeee . ***soopuy 
"le bri§ -€Si---- o. . : Supenogy 

| | VSUBy ‘sowssMe’y] 
‘Stes o-9rg~ lO '"9*z~ Paes seecle Sx. Rg | QLE\L IS )L -exl/€ gh phic “1b asBIIAy 























Nov. 26, 1921 


bir bee $e \o-ozo0- “0 ile -LE|S -SS\o-g |S -1¥ S “SHS LE 





mm © 7 ae A ae ties ow. oe ete oe tm ene ftit atiS aSi’** lo aziS "L810 Ome 9F,S ‘9¥,0°s |S “2¥,S QhS EP, 





eh eg Eb 5. 
AN ‘uonount eafD 24eT 












—— { n 














































































































































































































a ' 
° | | _— | —|— SS | SS | SS | — = = 
2 “Ez\t “zg\r* -L9/6 | tg |S “€ L€ PS 0 “vg £ 0g|g ‘zg.g “bg S “SL/E “PS £9) “S9|4 ‘oly “t § “eL|€ -zglo “LolL Is -s9 Fsele ale LIS LLL SEIL WLI ett tee teenies 
Z 6°£L 9/1 “89.8 49/6 “99/8 9 | 9 9 8 ‘298 ‘V9 8 9 917 “49 gjo “Lat “69|S “SQ ‘8 
ee $*S9q| (@) | @) ‘(o) | () | (@) | () |S B55 gS QV 0 gh|S g5\0 P5\g B5|5 “Golo 5/5 g5| Fog) 51 61/5 EL EO Do eee Reeeeeeenoetieneeenel- 
| | 9g “ol |e *Sg|0 "gl 0 OS'0 “99 0 'gS|o “S96 OL S12 S “IQ 0 °LL)S “ELI0° 1£\0 “EL}S -gLio “69'S *1L|0 “SLio “EL ¥ “EL/S “gglo “1g|S “PL|S -6L|S “£9 a il lose a Rha idee les 2° 
| | 849 |g "19/8 PLS vo zgS "ZQ)S “og\t S910 "zL0 “£8 S “99/0 “9/0 “6g/¥ “oL/S “1L/0 “9/0 ° wt alibi «Soe Pai Wage slits wigs, Wines WE Fae ae Ce ee ery eee nee 
| | a 1 a Se ee ee a a a | |] ———) | -—— 
s £ 1/0 °B5\e “gg & “Lolo “g9|r “Lo a be eat oh aly 98 “€9.9° A ps Tn wh L f9|4 “bL'g bl gol g “Lio “gL ig - ill i Raa ak a dos 
| S “Slo *Lg'S ‘2L\S 19 § “eLlo “gt\S Tn st Ral a a ei ete <> MO’] 
| | gol |p -LgisS ‘otlo $5 § “2.0 99/0 P9)0 “99)5 ws ‘oL|0 “£L'0 °6' 2 ‘£910 G60 PL.0 SL € -9L\0 gL 0 -0g|0 “6L\0 -¥L ier ae ebehe bie et 3, soopuy 
| | v Lg |6 “95/5 “bkio ‘S110 tg 0 “fg\0 “L9\1 a a SP 29.0 “g9!0 *L9/6 ‘94|o “6L)5 “fLi0 *glio ‘glio ‘gLl'L -zLio WLio ‘Lgjo “eLio “GLIS “1L)"* "tte Bunjenpnypy 
; | ake ie ls le, RE ti, Mili heck Ang nk at lacs hls Sak AN oe ow S4G2N ‘AaspeH 
— g 069 eL|L-1L\ yLlg €t/6-€L \2-2Llo-ogio ole “tgit ‘tL iL fh g Gos SLE ‘fLi0 S9g "g9lf “991! ‘Stig ‘fhje “$e fe SLC -LLig Eliz -gele “zgig “26|S “GLIE “L/S ogi"-"- "ts steerer eee asesaay 
S —_|—_ —|—— - _———| | ——— | 
~ ¥ -ELq/€ eS “ale elie alt *69|S “zl! @|@|@ \@ || @ eal + "Wg/S “LL/S -zLo‘SLovole ‘94/5 “SL 0° ie aia ah aed arch tice tins Sh inieh ess aoS. y's MO'T 
$ | H 1°9l |e SLO SLi0 “EL'S -glio ‘gl/S *tL'1 690 zlo-zlo vgs *oLio -Lg/§ ‘gtlo ‘ogio “SL'0 ogo 1g 5 ‘ol 9 *1g/S Bog's - oo ere te ee ER viaes. 100puy 
4 | | I°fL |g ofS fgo'lgo “$5|s ‘chlo “SLY ‘OL\0 “6L\S “PLO ‘9910 “LOIS “Sg|t “SLIS “LLio “EL\0 “EL 0 -LL\0 “SL'¥ “gL/S “fg 0 * SG, © oS ee OL eee a ae Burjenjzonyp yy 
o | __ ke ly | jae ies Ea ees ae: } | Cat tee | H “XW 'N ‘paeseg yoy 
me € -9L,° ole ‘gh f LS\e Grr SS |g-ezS vLic-r gf jo ‘gel 'S |g ‘So 6L|L- we owe “ss dia the Sie chew "99g “6g\z “ol z ele soe ee ahaa alta aa aad aBvisay 
~— , ctikant aaa ie | | 
8 | | OovS (6°61/S HLS: Sz lo ‘1/0 9 lg ‘2S\0 ‘zg\0 = ‘of |s "Iglo ‘zv'r “OL/S oe ee oan - ‘SLio €t\5 -etlo -zL\0 _ Bilal arene eit tea eee eiie ns aces eS MO’'T 
= | | | ig “SS jo*vzio zgiol S's od bd “OS|o “gh\6 ‘99/0 a ade es ole ote eee ee 0 “WL|S -LLio "gli" ** ; he cea he ee 4oopuy] 
z } | L°SS jotelolLgio-z |S ‘¢ S-rblo “SSIS -GpiL “ELIS “gL|S “gL/S “Eg 'S 1L'S “ELL HLIS “SLO ELio “SLIS “LLIS “zh soeeesscss sss“ SOenjongp yy 
= | | ienetapesbaselsneedenes | ie a wa AS a ML ‘2apuncr 
a o -f4\4 “19)t Sol tole ‘99/4 "99 |S “19/4 “6918 “yh.0 “95/5 “gg\8 ‘99/8 ‘golg “sey ‘git "g9i0 “6g/£ -gq|£ “6S|2 “glo “LS|€ “09 ‘09,0 48.9 hs ‘ogi ‘Slo “gtle “of|° i ee li aBei2ay 
= | ——} |——|—— | | | m_ 7S ee eee Ee a EE 
S | | 4-69 0 “1/0 “€g\o “6S 0 “1glo * Lio ‘ogi6 -Lgio ‘oLlo “LS|S ‘£Ll0-x£|o -ggl¥ © *£L/0 “6S 0 “gg/S ‘gS '§ “2g/€ “o£ *gL|S *£L\0 Ogio “1L\0 “6L\0 “bL!* ae nO PRE ee M40'T 
=z | | | 8 “69 jz “SQlO “PLS “SS\0 “G¥lo "g9/S ‘OL\¥ “1L|S ‘gLlo-Lg|s *SLIo “ggjo “gg\9 “Eglo “gg/S “49/8 *19|$ ‘og|S “og 1 “64/5 -oglo- IglS ‘eg|S *ELjo*gZ/"" ESR S Se OS ee s0opuy 
| £09 |£ gro ‘xL\o ‘Szlo -gf|S “Sglo “19/€ “99'S “64/0 910 “LSlo “gglo “£916 “OS|o “Sq!S "PH|S “ESlo ‘zh S “OPH “LLI0 "gL /S “Og!s “eL|S -1g)S gL)" soreseeess sss SOQBngoOnpT 
c | ee a i “UDUN “Joqsy Boy 
~ Pee ae A es Oe a ee He a Pee Sage aR DAR Tae eb [ fe wscssvaan-ox scsi Seale 
S wo 2)/S! ww) P| ye) a) al] sw] yw} ai al] ww] ye wie! a) ww; > wie) al! wy 
=| 2 2/2) 88] slogi2/2/8) $$ lesi2|2'21 8/8 leg 2/8'2!) $s 28 2/2/18) Sls 
2 = = > /.8) 8 Sips =| = Fins) S B3\ = oll Fr isS a Bs| = > F i-8 8 53 = = S| 3 3 
S$ SIiSibsics| BRISS) SIT TIBSi SclIBRBi p> |S FIBsSiclISSis |S FC Be sc SR sb FS Fipzgisc 
2 Pi Plas! &s =) ©. S| DP jos] & is?) £.| & Sie s i=? F/R BP af £ £* ££ | BS lab! & 
os, S Rm Rigel en (BSI! Sle Rm iBel a (BW) Sim Ride am BS] mR OR Bele BHF) mR lB a 
&io ol |ESlesi aelo gi’ |8Si elo “om ISSi ajo “el” 128\ 2/9 me 
S z 5 | -e/% 316 | | & eels 5 5 ee & | & ee & y | 5 | UONIPUGS sinjeisdula} pUe yUIOd 3a3eI03S 
> | <=) pp! =} 2! | p| = S| ry i ‘ ) i 
PiE} | lee  SFlFl | | TP) TT RIE BIA) | 
ft —=—_ =  . °° ho : 
*sieaA 2. 
=] 
— Fp penn | g *ys03 Aep-f11 ‘161 383 Aep-Lii ‘z161 “3893 Aep-411 ‘1161 *ysa3 Aep-for ‘or61 
= > ev 
-WOd Yoo JO} aIBEIIAY s 

















|, WOMeUTOII, OU,, 9JBOIpUt enpaea} 








sjutog abps0js snotspa 4D vsosapuod snutg fo paas fo sabvjuariag uoyvuimssayj—]A AIGVI] 








501 


Coniferous Tree Seed 


/ 


Storage o 


Nov. 26, 1921 


a 
Cc 
Ss 





9 ‘tL! (») i “$$ 6 gs 


| 


g 1Lo0'19¥ ‘9984 


£ PLI6 ss] 1gtiz by f-1 


o ‘glo ‘gz/L ‘£9|S “6¥0 ‘oSio “6D |e well -zl 
| 


BSLit1giz OL/f of ‘ol S ‘69 |e 











| 


6-£4\e “i 398° -t916-991 “9918 49 8 to |S t9 “EQ/£ “gf 











OSS 6 02/0 “6L! (py) 
orl b'IQS “gl (pn) 
vol g ‘“6S's “1L). (pv) 


Wig of gS 6 61|c “ye 


6°bY 6 0z\0 “yg, () | 
Qg°L¥ gozS “zg! (yp) 


o'sy —T "OL! (v) | 


$ ¥S\0 09 |r ‘Orlo fh 


Tare (») 
; 99 £4810 “69! (v) 
“Lg 8 29/5 *g4) (v) | 





| 
'6 waa 








L yt jo 'fz\o “vg ®@)| 
gf Oo PLio £4) (py) 
£ Lg je ‘SLIE 62) (p) 








“"siBad £ —_ ears! q 


8 49 c 69'S 09 g 69g t 


“O£e “Ley Paes t 4H ‘sels ‘gh g eS eg LS ic PS g-19/5 le eels. ts'9 65\g 09/6 6S 0 'SLig “LL 


L\""** g-Lgz gg $ “69 


1 gf's 0g)" 


oz s O'% BIQS 69 (yp) COS O'FLS QV G ‘fg/S “SL! (p) 0 Og'S “‘HOIS “SS .z “ELS 1g 


SEP S -‘ggo-Ls s ‘oLo LL] (p) (0 0L 0 6910 ‘99 1 “zL/S *£ 
S$ 6¥Vo0 fg 0 S81 “£25 














== |= | | 
“|S “1g|€ olf -zgiZ “zs 
! 


s $ tio “1Sig “LE S998 t4|- 











— -_ a ne 
jo 0 01/8 oz\o L “(o) (v) | (vo) | (o) | (0) | (wo) |b -Selg- 
peo *g9/S “GP E-ggjo PL, (py) |S “PQS *Sgio *6g/T “Sgig - 

‘IS/0 bi “489 VQ'S “1g (yp) |S ‘gSjo £9) Be hex tes 














= (=== |} 
‘oP ‘ge/s 


ott lo Sais “Lis - 
£ Sq | -2S\S “SLio 
\9 ‘ev |r Lr 8 “Lojs 

















le-ry o'IZ 0 vg 
L£-LS |€ -gfS og 
<6) |€ -E1'S Es]: 











j7-**|L‘enle $¥iz oz £*zSio 0-99)" 





2538 


ie ee vg \t ‘fgg 299° “bos - rire -gs|s 09 0 “6g/S “€gi1° 194 6510 gsio- 7m “Eg\g “#9 
5 | 





t| (pv) £ '89\S “R910 “PL 
| 





ie thls onle etincaal’ </ +18 cei as = 


£ “LE|S -9Sjz 6¥ 1 “gL iS 64) 











-os|s “18; z “gr 

ow) | $s S128 fz ‘fzlo “$1; 
9) (v) |o P9|S “S9/S Lg 
Z| (o) |§ es *Sglo ‘zg 


| 


6 64'S “gl 


*8) (v) is LL Sgio Lg S$ ‘fLis go] (v) wks Ss piss 1 °SL)S -1g 


9 VES ge] (y) |S 01/5 6z|0 “02z/S “GPIS -g9| (uv) 0 -LElo SIS “ob g ¥L|S of 
9 “£15 “99) (n) jo “e1)5 “% ‘died “Le geSIS “1g (v) |S 6zlo Sglo “ssiz - LEIS -g 
S'r “* Erf 9 tL) (p) |S ‘ols *gzjo £1 S “PSi0 OL! (p) 





£ Svs es ‘zS Vols fg) 


8 ‘Helg “vel 


cine | cinntoen 
je “Lois 94) 
tz thio ‘zk! 
I ‘SLio gl} 


Iv ay st. 6-vels bh: 


i" "|S 0L 0 OLE PL - 


eet WET aT ee eee 


(vo) $ "gl 0165 “12° 
(v) S$ 6go-zl|s LL - 











vee zSLeczl|s “LL 





“| ts) S-SLs° 





(») | JO OLi0 “12'S “bl 





$°Lg/S “OS\o 12 z 09S ‘gL|§ -15|S “18,5 6S!0 09 ‘09|€ “LP|0 -¥P\o “LE lo “obs “18/0 gs 





——=i> —_ =— ee = 


g 3L/E -1gif 


jf “yglo “ogis “Szig 2) 


6 “SLs -gg'S ‘f9.0 “‘SgIS “SLi0 6g 






































\L*eL |S oLlo-n£ 


LL ig 0L0 vg 


| | 


$ “€S\0 “6S|S “LV g “Lgo “Lalo - “290 “zgiS “Ql/S ‘oLig “ggIs *Sg/S "BS 0 “Lg/S “zZ/S oLlg bls : “‘s2)s ‘Lg,0 “Igjo ‘Bylo 69 
tals "1L/S -zL'0 0L 0 ‘gg 0 “6yjo ‘zg|0 "89/0 “IL|0 ‘ogiz “69/5 *69)$ ‘gio ba Sgjo “fg/g ‘9/0 "egi0 Velo WLIS “IL! -zgi° 
| | | | 
—S | | | | | - - =| >| 
z‘ssio ‘es|¢ ‘6¥.g QS L LL\- Perse asi Oviz Orie 99)" lo “os|é vig eft 's &-te}: “le QL -£LI2 -§ 
| | ef - excend coum 
is 3 iS 6 lovo1o 1eS "94! (wu) |S “O10 “Lilo oz/€ “6z\0 £9) (vp) o°L g! 090 * Z1 lee (p) 0 “49/0 Ire *69!" 
is ‘6L\o “LLIS ‘gg 0 ‘tLio £g! (v) {0 “22/8 “22/8 “vols “99/0 £9) (pv) |o ‘tL\o “LOO “POIQ “LL/S “gL! (y) |O “Ogis “WLS GL)" 
|s “ta)s “zh /S bs ‘SQ 8 “4 (a) | lo- bs. i ‘PQ|S “PQI6 “1S|0 “69 (p) lo “19/0 rm LE|6 “24/5 “£2 (v) |S “IglS “gio -gé 
eal j—=|—= |= eS _—_——_——_X SS OS OO ee =| = = — = ==|-= E FS > 
‘exle ‘Sele bs Bn wll -€zlo ‘oe) ele "efig ‘sv “Sblz - zL|t “LElL ‘pe |v ‘vLio Belt 2/0" Bbie “LLi€ “1£)"**** 
[°- “}*+**1€ -ga|S oglo-n |°---|°- *=|57 7710 -€ele eLlo nie eek z © Filo -92|5 “gels ogls Vals 60° 
‘vz\o° re\s pun 296 “69/0 “1L/S YQ\0 “OL 0 ‘OL O “HL “EQ\o “LL “6S $ ‘tslo “19 $ ‘OQ)P “LLio ‘ogio "9g '0 “gL!S “gl S ‘gf 
o'9 SY ig Gzlo‘zliow O-Lrotto ‘ttl9 "OS | -Lg|S “1f o -fS|S os S "OS|4 “zLio “QL|S “gg S “OL/s -gZ 0 'gg 
} | ! | 
= SS ——_Ws HLY_ Ss —— Oe SS SSeS SS YI es eee 
ig WHS “SLIL “6 [2 -bele ore ‘Sblp "gS/g 6L/€ “ges sie wsie “vole ‘gole ‘of|£ PS /€ 12 ‘alle “12 g“1L| 
| Ee ee a an en [i —_— | ——| 
*€ |L PElo SLio € 0 -Ez)o “Gb/s ‘Ez lg ‘oS 0 ‘glio "iz $ ‘gflo- "£9 S “£S|z “Ogio “LL|S “ve|S “Sg/S “14'S “eg, 
“EVE HSlo “LLio “S1/S “98'S “Eg/s ‘Sle *69/S *zgiS “6S of. |S “19 § “69/1 “69/5 “zZ|S *gS\0 “eLlo “gg S “bL 
8 i? ba *bLlo “11.0 “£5 'S “SElo “ESiz "SS\0" “6L|S PE O'zS |$ 6£0° 1L|o “LL/o 6Lj0 “LL|S ‘glia “WLS “gl 
fe ee ee ee ee ee Cove ee eee (ee a ves Ru ae: det a Fee 
esol “Silt -gvlo Sole “Loic 69) ae *6L/L “SQg Lge ‘690 ‘89/6 ‘9918 0L|L 6S 0 g9/S bd hi Lie LL f oLg “GL/E “SL S “gl) 
} ' ! 
j | PSgeo > CARES, REE GSERETET PRET AEH Eee emard PER Set, Rage | 
$195 ‘vLlo gg S “£45 -zL\o blo £25 gg0 Sloe $ “99 S “L/S “69S -o£|S -L£|5 eglo -fL|o oglo “gL 0-94! 
jf “€Q |1 VSO 'zLio ‘¥z\0 “gh|S "gg 0 “gSig “fg 0 ‘Egio WS o "Igo" 19 0 099 “19'0 “*gglo “SPS “Qg|S "69 oO “GS}1 “£L/S *gQ/S “Lalo “Og!S ‘ol 0 “6L 
S o9|S ‘eLio ‘Sgo-zlio “bL\S ‘zgio ‘oL o ‘we\s "tLe tl\t 6900 6 “91'S “og 
| 














i | | a 








LIS ‘Lgo-Lg/S 6QS 12 
| 
i 











6 bes “6LIS “GL S HL 











(v) j0 £4 'S “6g/s “SL 
$ 62)° 
(vp) oth s “1Lis *LL\° 





(o) ofLis £-LS\0 tg)” 
(pn) |O "ILS *LL)S -zL)° 











saint ee 








09/8 298 “vgs Sule ¥Sg- “£9 ‘Sold Pov “fs | 


¢ "zgjo" “ult 9 $ “Sg 


ravi ie “ile 


sls sale “Sele “ve - 








rej ger es wpe gee ee 


"**S}O10d 33¥50}s [Te 1Oj aBvsaay 


‘aBelaay 


saeeeeevexnbatas sees MoT 


* *- soopuy 


avvetons aunemon| a 


“IIT ‘mesaqne ny 
“eBeay 





rierri es Zunen pnp I 


SAM MeSIE AY 





Bunemnydt 
“Bd ‘9BITOD 2329S 


oo MOT 


100puy 
“UUOD ‘UdAeE MaN 


s00puy 
vSWey ‘sonar’ y 





errr : Semyanasene 
“AN ‘Gonounf s8afD a4eT 


Vol. XXII, No. 9 


| Research 


of Agricultural 


] 
t 


fourna 


! a 
Qtio PS -1Sir be 
9 'OSq) (pv) 
o-ey Lz 
oly gn 6-6t|6 95 rsh 1 30 v-zt 
£-2 coe 


O°KY |1 -gtlo- pa 
Sa ia lg 


Sak de 


ey 6 -18|S 


SiO SPio oF 6-zz 
g Ot (CO -Or 
FI? ool 
g “gt 


| 


"3eq WI0[> 


‘paug 

-jesed Jeq sadeg 
“Bey tadeg 
ui? 


*s1gUTe}UOD 
[[@ 10, aBvsaay 


“W3t-se apo 
“‘parto Beq gio, 


“sivad ¥ 


sived 
& ye JO1 sainqesad 
-Ma} & YT yf JauIE? 
-M0) YORa JO] VF RIBAY 


> 
< 
e 
S 
_ 
ra 
° 
4 
° 
¢ 
i=] 
= 
ry 
= 
° 
s 
r 
o 
5 


| 


1 off £68 -9 
\(p) | (pn) 
gor iP -Lz'S ‘6z\0 
flo -LS'S 6 


' | == 
oor guts FL OF e rolg wile sels -ovlo 


(n) | \S-o¥ 0 “PQ\O -6z 5 Stlo-of/o et 
OF /6 -z¥ S -oglo “S1/S “gf's “LS 
“Shig J 


“SE O-rg/s $ -1tlo -g¥\o 


Pars 19\t WIL SEL “69 
5S gt|L ‘6£ 0 -99/S -g |S -gt!S -17 
VP O-LEO-ES|S -z1/0 -6zlS “Lr 
iS I ‘tb o-Sgs - *6£/0 -o9} 


¥E6 
°-9 


$-Svlo- LS L- "IS|S “oh € -gSig “x 


“£9\0 -e 8b g “Sb 
ort 
o-zt 
o-es 


(vp) | (»)! (pn) (r) 
0°29 S -zz\o “gh S -gS\o 
$ P50 -I1V\o 6£ 0 -£E/S 


° “apis « “SYS -E¥! (v) 
© *gf|5 09 0 -LS!0 0S 
s ‘9S\o SQ S -WSio fF 


$ -af)6 98 





Loge 


$-LP 


°-0 o-fSlz - “elle “Off 
° “gE | c-vS\s S-gl 
°° v|S «kL tg 
° -6f ie *L¥\O Og)" 
vl 


usis - 





|S “fb g She 


lo -6S|€ -EL\0 “bg 
S -L¥IE -6blo “gl 


SEig “gs|S 5 “gL 


‘S£lo-Lejo-zg $ 


‘VE ig “Lelio -6L 


ost} 


$ -6$\0°19 
© -6£\o “ff 


d 


‘Beq iadeg 


*Beq Y0}D 


‘pany 


wied 3eq sad 
“Beq YWO]D 


‘sioureyuoo 


[Je Joy aBesaay | 
“WYyBIy-s1e apo 


‘parto Seq yIO]D | 


1 
, 


"VU 31}-418 8[}}047 
‘pari Beq MOTD 


*Js0} ABp-96 ‘P16! 359} Aep-'6 ‘z161 


' 


“Beq sadeg 


"s19U1e} 009 


| [1B 10} aBviaay 


"3q31}-418 ayWOog | 


“yso 


[,,Goneuraties ou,, 


squiog abpiojs snowpa 4p Dj10juU09 snutg fo paas fo sabvjuarsad 


lO *6¥)S - “LY 


0 “bb lg oF € “gS 


“este SIE ¥s\s €S 
$-r\S pris “LS0-6¥i1 “Ls 
|S -oS|z +18 


Ae gsis “€gic eS 


or a er *9|S -b1 
has "gh S -zSio-e 
4 wLib cS S -egio-Lze 
$ -ogl€ “S'S be “1 


2 -6f\e -LL\¢ -g0) 
s S-zL|o -og|S “eS 
lO *PI/o -1g!S “HL, 


Ss “9flg-9 gli “gS 
0 “bg |S -1L'0 “0S 
*9gio “£2 


oS 





_ = 


afcSae § “gI 


ze -eLi€ -1g/z 





0 “62S -gS ¢ «9S|S “EL !r “GSS - “Seis -t2 
$ *89)0 -zL $ -gS/5 “Eglo -Gg/S °L 
“"*"lo-19 § -pLlo -€£|5 «19 S *L 


$ £Z\0- Bro “$$ €-0S 


“es 


lO “99 ]0 -gg S$ “gS! 
$-ol 








“St 
95'S - 


950 ° ‘Lio o'zI 
e's -zlis +1 
9 °RS\$ “PLiO G61 
‘Polo “Leis Si 


‘Qt é 


€elo£ 210 ov) L 
Qf .¢ -wzis “GE 
IZ o-zg S$ 7H 


| 
| 


*Beq MOTD | 


} 
“Beq jadeg | 
| 
' 


“Beq WIOID 


“parto 3eq 41049 | 
| peuy 
-jeied 3eq Jodeg 
*$1aU1eyWoo 
[[@ 40} aBdvisay 
“WYBI}-s1e apyIO_ 


| 
| 
| 
| 
| 
| 


‘payto eq MOTD 


| Wied 
jO°g |S -gl'0 “So 
|S *SSlo -tg\0 Og} 
lo "85/8 +260 “IL | 


Za 


‘Beq sadeg | 


“Jered Beq Jade | 


3 Aep-Li ‘1161 *3Sa3 Avp-S6 ‘ 





2] BOIpUl siapea’y] 


wad ol 0 gl)" 


*2L\S -zS\- 


-Lo|: 


0 *26)S *6L)" 
10 “bg S *£Q)" 


parte ee ess 


“ACN ‘donounf 1834 a4e] 


“9SR12AYy 


“sunemon[d 
“AN ‘woeyay 
"93 BlIAW 


*“s00puy 
‘Suen Yy 
SAQaN ‘AasjeH 
aavIIAY 


“s00pu] 
suneNnwonL A 
“XOW 'N ‘psedvg yoy 
@BRIZAY 


MO’'T 

s00puy 

STIENIONT 
“Thy ‘aapung 

@aRIsAy 

MO’ 

soopuy 

SUIQSNIN]Y 
youN ‘oqry uny 


UMNIIPHOS a1Njzeladuray pue yurod 321035 


u0NDUImMsIH— JIA AAV 








Sn eA ’ 4 ’ a r —s 


| “sivad £ 10} aBusaay q ‘UM0S JON 0 








593 
| 
| 


| ci 1 | | i | | 
j | | ocee lS PEL sit -exl Sc S-zvg- -eele ft -og|£ -stlg -et\s s-eylt 6£)s 0S -SLlo “Lif -ghy “gS €-SS/L ssip- -£4/6 1g -gr'6 -tu\e 99): “*** $yujod a3es04s [Je 10j aBEIIAY 
| a at SS eR, Ae cr I ag rr | re le ee || " 


| == |= 
V-ggo Pig tf L-1S\0 ove ef ¢ OL tgif *e or Lew t fee "ef g-1Slo “vig *Szig -ovio v8 SS'¢ -ogie -1£/¢ OS'S "6S § -LS'S -ghig eed ii is 5 LE .4 -t9/0 “65 Seb SeOTSCH SEDO CREO soccer eoowes asesaay 


| | | 
t | let $ -6z.0-0L\S -b ous s eS -11\h- 1s o-z2|S ‘fz 0 -of|o - Szlg-zbvio “gis ° SPE S LYS -gh gL shake b. *2£'S +£g/0 -£9): - 
| L-vh zc-gtS -eL'- slosr ‘95/0 gblg “18 0 Sz O'fz)\O -gh|S “LEIP 0g 0 GL \0- s¥/0- £9 0 0g 0 “6S 'E “gr Ss “£90 *f1\0 “£2 0 “tLi0 “Sg apprehend eed on soopuy 
gsh E-cES GSS -z oro -Ly$ -zh\L ‘gto S-L1jo-1€/s ‘v's oe lt ‘Vy O Ogio "zS'S “fs 0° 1L 10 “Sgie “Ov S “stis 6 \o ial Es Ors TO Serene ce eee Sunenzonpy 
| i = ce & aceite we " beatin al Ay ae ae, _ VIL ‘aesayne yy 


SvyovL-ve f-ve'e SL $-ytlo-Gile ve e Sle «1 lo-trlg of ore 6f'5 fL\o-s_ x £2 L-£5 g OVE OS 2 “SLig-t i -gelo eile ct PERE Eee ence teen eee eee eee e ees aswaay 
goto 6g °° (8-9 0% 

° “1 {s 

s $ 























o 
£ 
n 
a) 
od 
n 





- —_— ee | S| 

“gl SOL L VES HS oO \S-erlo-a\|5 crane SV 10 ogo“ 5% toe ‘E80 -0goO-OP HIS O1L/S* jo-1vio EE SU SSE RYT ES TS 03S E9S CVU ER Ree M0’J 
OOS “Qz\S ze -Eviss1 [|S -P1/S -OblS -Ezig yes ‘|S “gz S -€S'5 -op|s 670 *SLiog jo ‘tI! lo -ge|S +e BEE ECVE SYE See hes he eee ae soopuy 
o-efo-gild SeS eS °°: jo f1lo-1fjo-z£iz $f 0 6910-8 |S 6 gee! wales gos a 1gi** "10 “£10 -gg/S “o£ Ee eee og ee ee surjenpnypy 
VAM ‘mesiemy 


*asBIIAY 


g sz 


¥ gz 


? 
4 
mm 


4 “$8 
1-vt 
vey 


vtgs-sS HE MSqLY6-oF s-efo-e : + 
9 y | 9: 





2 vet “tv 


She SVS ge: 28 € yb gy Sb £ +f Talia bate pal wha “fgio fx *E1/S “OF: 
OES SLOW z “€2/S -2£ 5 Zt) (v) MAOH (v) | (w) IK 9 QV S -£g|"--*|S-gS/S OSS -ele 19S -volo-1 |S -1e 
vey |p-LeS-SVlO'g lO-Silo QS He S OFS -bhlo-y oO St|o-gh|o- ¥ YS 0 -0g|"** "|8 “Q¥/S *Egjo-LL|z “280 “ol |S - io-rs 
jL ep |L -6£0-Sg/S *z «i “SEio-ys SLE L Leo "B¥jo- £ |S €1's -gf\s *LE/S “OS'S -1g]o-1 S LYS tglo -ogiL “eS 0 “gS/S *LE\0 “oF 

| 
| | | | 


=— — oe 5 SS _—— | —— | —— 


a oe ee SOE Ay SE ee ee psig bepelantalonns 
ot = = 














lree See 








1 -¥¥o-eL\E 12 e “Bele “OFZ 6f °K e-tglg vele Stilo - 2 *gh /S -glh PS\s -6L|c +f 0-09 0 2S 0 -Lglg “gig -fL|£ -€S|g “2s 


6 -ILit gz g tv 6 sS es jo-25 











| 9 “gv lo-S¥ SYS -zglS 6 lo ‘WV\O-L¥lo -z¥\I “zt 0 6S o-6 |S -¥e S$ -¥Elo 62 0 -6z|¥ OS \o- “EgiS -S1)S Ly Sys “19|1 -gs\s hh S-1¥|S Sto -gglo “gS oe etc ie hate 
} |v -6P it LE O°SQIS* |S -OT/O-gES -1z/f “SP O-Lglo “LES EO -SS|o -£E|P -zS|S -SLlo -Pzjo-gS/S *SElo-14/4 “24/8 eee eee eee ee NS Hoe 88 SNe eee cess 
v-Ls if “og § wp v5 "09/0 “£g/S “35/6 LP S -og/S -gzlo “LE\o -Og|S “ES|S Ogio -ogiS -1 |S *gL 0 -gL)S -ggiZ 09S “WQ/S “QUI “Ggjo“Lg/S “QSi-- «sss srt terres 
| | | | 


——E — ————} ——_ | = | | —___ J —_— 











j Coniferous 


tela -Sfo-ogir- “LS 9 ss “Syls “Lvl “LIL ‘SSle -eS\e -08,¢ « € -f9/t -ge|t -gh\e “18S “grit ‘Sle -Sglo-gr € -19|£ “65/5 “99/1 “9916 WE le -gEjo “ELIE *LLi0 Gg): -- vite eR Te SSeS eee rs ERReS 

y ‘08 |b -¥Vlo -gg\S “6E |S “Gt 0 gf ¥ -LElo -gglS -Ez|S -gEIS -ze|S wz -Lb Ss “glo -Lilo LYS pels “ov. “12 0 -zg\S “SLIO -Oglo -gglo ES|-- ++ steerer eee ee eee eee eee eens 
O'1g |f *fg Ss -Lglo~ © -£9/0 -zg'I “S/S -zg/S -1S/S “ESS -og S -29/S ‘29'S -6g|0 6 10-99 0 -vg/o -¥gi9 GS 10 “990 “9 |S -g9|S -gL'o -fg!-- +++ +--+ +++ ° 

‘ee ithe thes st $ “PQS -gS\o “SS)S -6S!0 -1b/0 PS\o -zg/S 85/8 ‘E90 *zglo -gzjo “12 0 69|0 -6g/0 sc these tos le es, clio sesseseeseveveses 

a = ik iss — — = 
y -gglo-L 0-6! e-6h9 obit -2v lo O-t2|€ HEF ef -glE -Lolf oro -Stjo Erle SEg PPE -LglE-s |S -S¥G-~PS\o-tS|x “OS\L -LL|L -11|f “ESS Pole -EL|----------- . 
ainaansee ¥ nonfinnnl amemssinal alah reed ation bennaioap =m 

sae loons 95> ““|EWe/O-OL|O-S §-L1/O-gI S$ -O1/S -1¥\o -Lglo-z jo -E¥ S EV\o -VE|S -9S|S -06|"*~ “|S “gS|S OSIO-WL|---- + =e ++ ee ve 

atS!t-1Slo-£ glo: “9z0 “Eb|S +19 0 -gS/6 “1S|S -gQ/S +4 |S “6S -gQ/S -Lojz *BS/S “Slo -~gzjo -Le/S *LLio *Sgi--* sss settee 

S pris 6S “af }0° Iv|S -ghiS -, jo-S¥S -cS'¢ -1$|S “ES\o-LgloG |S “L/S “QS/S -og'------~ a a it 

















0 








| 
aT 
ai 


























storage 





S 


| LoS |p-1b/S -gS|----o-belo-€9 
j tev ig VES -1L0°% jo-zt\o-oF 


ig z-g1/S fg 8fl8 gf) -SLig £-ov gSHic -LH|S “gS/E -1Z\0 -g1/z “£9 
98 o-giis “Ez § 92/0 -6f\S “LL s+ *lO*QEO OES EPS “LSS -LL/S- [SLs 
o'r O° “Se\S OV SSH ISP -LLio-S S £5 OQ 0 HIG “OSS “SQ\S -z |S -LS 
s SS |S -QES oie “LHS -eL|S eS Gz S SS o-PS\z “Lolo -1L|0 “SHS “HL 


| — Ss 


c-S1 £ -onle “Sg “QE|S -OS\z -oLlo -br Ph Ans eh iP = A - 





o-Sgig 9 1r-2efic-gv i 16. gt ica sl 1S|o-r 3°83 














9 °6E ig 9z/S “1S\0-f o-1 


| gle z “920° ¢s o-vzs 
j S$ -6f ideas shat S-1 





£-f1 g-1¥.g 0g 1 -6¥ 1-9v 9 ‘ovo “290 Steve 











| e359 











"QP I -eS|S -SLio GE S -OS|S “ES O-fH 6-180 0 -gSlo-21 0 -¥9S 69 0 -9S/f S\O-PQ\O*S |S ‘EPlo-LLio 














| ges | basis "$9 0 -gf|0-1S|o-£ 
} / Sgt io VES OS 0-6 0 -6z/S -g£lo-PE g-IE|S -PSlo-g |S -gf/S ef S -6z'¥ PHS - *1L|S -z1 O-SEl0-eS O-1S |g “E'S -E$/S «1 0 6£lo fglo-er 
| j | 1-Lb iz-stlo- 19) “|S +ee|S4Slo-1b'S LElo-gS|S- O-PEO-OS\O-S¥ 1 -SSlo-1g!S -£1 § “GE\O “SL S -eQg/S “09'S “64/5 “Szj0 “48/5 -Pglo -yS 
| a | a ee ee ee | | “ACN ‘onounf se3fD a4eT 

















Nov. 26, 1921 





is £519 “6Lio-€ |e 6fle “LLle “g9|-" 





—l|= 


| are et “ES: evil Of\e “cole “File S£|5 oro Flo “esis “lle -of|f -¢ es|e 56 
s $ ob 1 ore €P ° ° oz'g eae si 
g role “€1) le ‘gf vs \ aed ba ‘off t¥\g-9 0 0 —_" —S>S— SF | —— | —— | sina ve i ele cate le sllia —|— = “atinan te akin alg -egi°°°°° M0’y 


“"9RRI2IAY 

















(0.9 








- bad ’ ' ' | | 1 | 1 i. “s “ nathan» uh cates '- | 
ne “AN ‘woroun[ 1vaqD o4e’T 





\ 
A 


| 
| 
} 

-/ 




































































































































































a | = ee ef ==:\= — = = = 
° 9629+ o-stlc erg te ows ot g:9z Z- ig’9 jo'z ir’S |L°9 |L- ped °°6 ic eels tI€-£ |o-oz\f- 14[e ev o-as|s go's lg <8|8 oro $6 ei<* CSRS ee eee eseIsaAy 
‘ | 1-624) (») | (») | @) (2) | (v) | () "9 iss |S- \$-SxS-xx es “SLio-z lo-gfis “to|S “68.8 “e€|S -0S|S -zz|S -1b|0 Oz/S Ge|--" «°° °-- ss e ceeccccessceese ** MOT 
= | £°St |0°6 o°SE)- $+ |$+£ loz 6-€ |S-6 Sr |S- |o-€ lo-S |P-bzlo 6ho-L lo-gr's -L£1/S “of |S “Sz\S -bzS -L |S -6z/o- ay) Sa a ioopuy 
~ gtr [6% S-gr! **lo9 “gt ios jO°S |S -€ S-orlg-Exjo‘Sro-1r jov joa % “PE|S oF S -E1/S ‘thio A ical ta ad  eaa ZuTZENDPNL YA 
a mn fe a | eae "AN ‘Wom 
<S 6-6/9 01/0 ‘art BP SP Iz j6°S gs ¥ * Ge ee zvie zg jerk ‘igs gore -L |6-LE)5 -zSic-eale or g -f9\g 146 — “8 cof |e gel pele “SE eee poe ee eee ee soerere ss *O3BIDAY 
val j I 61 lo-o 5 gel $°r Eels ‘lo-g S15 - “Ei)1 I 6z|\0 0S S* ost sais "IZ Q °ct|S + o gels ans ili tame ia cha atl acts atin oS MO’'T 
| | Rg vz lg-s 5. ees hese $6 O°! zg |O-Or lg °0-6 S‘9 \4 -gh|S ‘Pris -eels “ez7$ -3i\5- Solo ett ov 0 *£z/S “6E\o0 “fh ee s00puy 
| 6°gI lo-9 S-gej---|°-*° S-1 "*lg°€ jo'S “pe 06 O°% c SElo -£9)S -€ lo-1x/S -PS|S “LY z -O£|S “PY S -6z/S -1Z)0 “Lz Zurzenpnyp 
We eek Wat SAE AOR Se SES eh; eke ART: A = —|— eS Ba Me Sa se ae 4Q2N *A9S/°H 
_ O-fE/r off «L Les +s) z 20 ef \6 Leg "gf S 01 g -0z'g “LEIS HE So ig°S z-9 lo-g ot g°s |x es bce li i “ers “S| g°sS9 ‘id id “Ivo +b ENE EPSPS SS SRE EOF eee ee a2vIIAYy 
— : | 
ee ae al = | — —— |_| gees 
> | SPE ql 61S f1l0 S110 -ez1S of /S -Lx (n) | (v) | (») | (v) | (n) (0) § ats of) o-u0s osle- “9/0 -Ob|S OFIS -gQSlo-gE\- ete teeters ee ence ee MO’] 
8 | | z°gl |S -gf/S SQS-L o-rz/s wrodre-l of ost *O1/S -g |0* l6 '09/S °oS § Sglo°1L'S “L "gv'S WSIS -gbio -SSio EE!" "se soopuy 
2 | | ze1f |S -LeS “t£\o 6 S$ 61/S gfo-flc-S SH S-€ |o-s |S +t |S $ 6 “£515 -LS\0-g9 blo S\0 ‘ghio “gel -6z S “LE|S -bEio -es|S SE) ZuryVwNyy 
© z= a i ih sites erm tte, ie Ge Bk ae ho ee ae “xOW 'N ‘preAvg yoy 
a4 o-lfs-r |z-S b-grt-ozt-or |¢ Sex le-g |----lg+ |g -oxlz -orl6 orl PElL- [Ler 0 -fele $e g-ofg-o9 2-gri zig rb) oot ete eesaa's “aBEIIAYy 
| shoei j ee REE AEEN OREN ad os a eS “e Sai laced 
~ = pcbeioa ial | — = i ae ae 
8 | 6-£1 |9 a (kei bia gs Fake S-o1 S$ °g IS «9 lo-orls- ovr o-6 lo-erle -ee|s *€9 S *1 Ee SSA E ES IR Ken tins RCP Ne Ae ee “0°T 
> | } S'RI |g (0 ess <6i4 a ae as he paps £1L-61jo Sz/S* |S-z |S velo OLE -HEio tg0 v ig . Ba cit a hg 3 *- soopuy 
= | 9°91 \9 Sa “*' I$ +§ [SS |°***lo-e lo-1110 6 ore Ss oSSS°s i lS ai ze eh Zunen Vn] 
> me oe oe oe ee int Gx OS <me seal TI ‘s9pang 
A) Gof Lb lreerjl Siz v1 S$ “St \6 “lor€ |S* wg |S 6 L ° 0S jo gE \£ “3 oO-rr|e ‘t1/$ -z jo-ex z-gv S°Sr ial ia aad i a a a a3elaaAy 
= | j a 2 |---| }— |_| ———| ——_|_—_|__| a — = 
a |z “vr ot “|S -e jO°d I#-S |S -ox/S- og jo-€ joS |6-g ovo" "S$ -€ o-fvo'f $-1z 9-8/5 “TE ‘ RELL AA IR ESN Ce ee 40'T 
7 | | o-gr le -orlo -St| log SO |p $6 i-°': "1S +L oS |e- “m1 S° 11/0 °S o-°Si kk Lk. (killa ial lind ial bi soopuy 
a | ¥-91 |r -or!0‘0S|"""" *** So |°**"|€°6 |S-g Sx jo-L |S -Exlo ‘O14 e109 ‘Sx\S *t SL ee ne ee ee ee ESOS Atte s9 Sele er ecm ZuNneNnpnyLy 
ry | | | | | | | | | ‘Up ‘Joqry uuy 
} | | j | | | 
Ee ee ee eee ee ee ee ee oe 
wi ole = } | 210 } o!1o0| 210 210 
=| FisSiel ge) Fe eis wi ele ole] gyiv| 2 elelo Sie i2i2 ¢ $i ss 
5 Si Fi/F BR] SISSlZlSl SiR EISS 2 SiSi\_BiBRiss SiSiS|_RRSS/2 SF FIRB 
= | Cy | ma Sissi; = mao 3 (BS) 1} lS] 8 (BS! & | 1} i 8] 8 (Bsl we) =) E81 S 
5 | >i Sigflibs c| Rigel sis olPsi else TIiciBsleigme siscicibslclsels Fl Fibsls 
| o. | Bp > ies fs @ |-.0; 8. )] Sian! s |£.0| &.| 8S |S ibs! 5 |8.°; & 1 SB | B® Bg! gs 5.0; 8. © BP apl S 
i, | FT) RR be mies) FT) mm ide mw BN mm dele (BR SRR Bel a BW) SS em mR Bal aA 
| =| 9 ot ie BS ies) alo "gl" I8Siajo| rwei* Ia@sieie| “ol°’ I8Sizsie ae) ie 
| & Fe) | & gel ele | 2 eo Ce | 6 Cieis a] |. 2d _ ; 
1a | 8 lg =| 2] > a S| ; ple) gl | Bl reaei gl 3 pis 2 | g HONnIpuos ainjelsduis}] pue uot a3e103S 
| : | | Sis : =] f § , = Sr] =| : =| Ss : : 
| ———__—_|8§ . Jai tn 
ae | 
| “s1BaA B.| | } 
| ¥ Jye 10} sainjzesed B | ‘ | ‘ | ; ‘ ‘ ‘ 
| -u1a} £ ]]e 38 Jame} S| 389} Aep-oz1 ‘F161 | 389} Awp-6e1 ‘z161 | 3sa3 Awp-ger ‘1161 | 389} Aep-zr1 ‘o161 2 
| -MOD GI¥e JO} adBIZAY s | | 
ed | 








[..WOmneururies OU,, a}voIpUrI srapee’y} 


7+ 
fe) 
Ye) 


sjutog abpi0js snotpe 4D Djooyuowm snutgq fo paas fo sabvjuaosag uoyvurmsa4y— TTA AAV] 





“sia £ 10] aBRIDAY q 








eS 
a 
a) 
d 
2. 
-) 
o 





| 














| 





a 
a 
4 
m 
? 
) 
= 

| 








| 


oe) 
as 
“ 
on 

+ 


oo 
+ 
~ 
° 
“Tt 




















° 
tC) 
M4 
® 
? 





one 
Sad 
teu 


= 
ome 


















































vy 
° 


a 








: 


000 
ams 


















































Storage of Coniferous Tree Seed 




































































Nov. 26, 1921 







































“IMOS ION o 
‘ ! i | 
2 9 |0 = 3 “o1lb -exls elo ele ‘ef(6- Ibo ‘rt 62. g otic ‘sé| bal a taal S}M10d a3v10}s [][e aseszay 
ss. L-£1} 1g -gz| wt jo-L lz -orig -f1| € 62! e-ekie “erie “ge £ gf pitt eee e eee esse cere eeneeeeeees beep 
bers 6e|" “""\o°f jo-v1|S "01/9 ‘Of |0 -gfS « “11S £85 -zv “MO’T 
La = ‘z1\S8 IS -g \S- 11/0 “S1\z ‘Be s poe vbneg "Iz S ‘ov 1oopuy 
£-61/S ‘bhlo-z $6 |S -bz\0-9 o-zf are | ‘BuNenwnyy 
| oe | VYIT ‘uesayqne 
am a7) “a3[t -€ |o-t L-6r£ 6f aseivay 
xz o-f1'0°9 |S “bz cy 0 61'S “1€ MO’y 
‘06 lo £-Lz\o 6£lo-e |S -Lro SP soopu] 
o-f10%4 jo- “rtlo “pels- {S-zz's-xbis ad TUTE PL OEETETCE Ee TT ““Bunenqonpy 
eae eS eee ee ee ee ' VAM ‘MESIE AY 
zbic-e 2 1s: "81 'S 02/6 €£\c ‘Sb|S -ge|S -of|€ -gz/g ve) cree ae eee ee oe et ee “ro O3BIIAY 
(7-3 Sg iS: jos is aI0 Belz “1e5 “6P|S *1£/S “L/S -gz|S -Sz)- iheblegeaie tS 
Q ‘6rio gr S -f |S *€£l0 -ozlo -EziZ 6z10 SElc -E1/S -SElo -zzjo -EP|- whee 
£6 jo-grS-z |S -S jo |S “fx € W/o “zS}0 ‘SEIS “ovis ‘Bfj0 “gf |- “* BurEn—onyy 
— | | 1 Bq “BBaTJOD 3381S 
9 jo rr|t -ex/£ -oet “11/2 -bx\e -o1|6 “SE\S -ob|S -ge|¢ GFF “Seg -L8| eee recesecscccece sesees “-*-o3eIAy 
o's 1-€1/$ “L415 6 0 -O1|§ -L1|0 11/2 SE|0 -zblo -Szlo -LE|S ¥E|o ob) Bree a ee ne ppd harais atte 
$9 S -S1\0-6 jo ozlo “Srjo -12/$ -zz/6 -LE|S “Ebo -Of|S -rb]o -xb|S -£E OOo ccccceccecccecs <6500s+0+s0ses< si 
$-9 £-£1/S “11S -z£}o -o1/S “S ol ae ee ey dee Oe een 7 BEEN pny 
Bal | | OBP] ‘OTJazBI0g 
o-k 1-01/g ‘9° ig -gtlo-g LL |o6 z-gf\L GE|z -zblo -gele -ge\z «ze! ica dite staan ciated hte eal “aBRIIAY 
se ear0@ $-21|5 01/0 e1\0 t1/0 gt S Salo Lelo velo T/S GE |-<+< eee e ee eee nannies +606amensee MOT 
$6 t-or$-9 |oSzlo-9g jo-S Sg 6 ‘ov 0 “I¥/S -0S/0 “£¥|0 “gf \0 PE): SMCS NER EMER EL ERTS ES OCS Sere s100puy 
S$-L 88 [0-9 Jo “6r/S *L o9 |S 9 “SEIS “Elo “GElo “LElo “gElS “Le Ne tala aah a a “o*** “BuaIgenjonp 7 
—= | 1 SOTOD “AVI_ Soytd 
os 9 ‘11/€ 910-1 Lt 091g ‘oz £ -SElE -ghle “€x|L “ef ls “fh g “gt ees ioe a etc "**°*"93BIIAY 
S-f “* in og ea ov |S- \S-x 9 ‘9£\0 Slo “S cE A SS OS hh M0’T 
ss 6-L1S‘S S-1 |S-9 » yile tile eel “6Y|S -Le\S ‘SElo “LEO SE soopu] 
o’9 Le€r/$-SE\-+-+1S+ |S -zre\o-11/$ -e£\o-eblo-L 0 Peis g¥io “SY JENN 
i | — TUOD ‘TaAeH MAN 
Sg |z-Se|-- “I |r-Ecl€-Sb/S~- |£-9 |g vElL ge, aselvay 
‘lo-L |S ‘Sz | Ire $ -6b\"--*|S-r |S -ozio-gz +73 ** MOT 
“|? “91S “69 S-z jo-Leio*LE|S- jo-orlo-oS|S -LE *****Joopuy 
te |S -or +-|€-1e S$ 6vlo-x |S -L e -ge/s “08 Zunenpnyg 
} } | j suey ‘sOTeIMe’T 
8 6r/e-g |: o-zflo “1 I “1f/0 unen huey teen PET °° °° +9509 550555555 + 40 snes “aBeBIAY 
5 @ lo-z110 4a oe Is-o2\0- “1£|0 -0f|0 -bz/S Szio “be, reshhstsk! righ Ap dadedea dh Cachan thee i Seer oe M0’ 
9°6 |o'S |o- $ -€xlz -ge'S -~61/S -€z S -££|S “SE\0 6e PAA OD GAWA SUSE S00 0SShSSESS TOTES s00puT 
9 Ivo 6 0 pei ee ea ae vee are aes 8 OOS Tees eeresearseseeseee suenpnyy 
Co : 4 “AN ‘vorpun IwafD a4e’T 
eetmananits 
—|J J |} =| | —| aca d tan packsdsaver tena A 
rls -op -£ lo or le -zE|€ -zb0 -1£|S “ges P1/g “LE|f “6z\o “SE ——.. 


-  - Ce Ue foc ee Ba ee ee a mt 
ee: ee a id oe te a ee eee a “A ‘N ‘uonsunf 189) o4e7 



























































































































































































eo 1 ! { <== | =|. { le | feoeeeeieeee { H 
< | gQvie-S |S onl: -belg G1/e -12 le cosje-as|----|---[---|----le-g la-gel----le- ETE -E [6 zig -mS|e°x |e Vr\o -gElE Gelx -GE|S “SSS “Gr/Z -Lele -L¥ig SH)“ sess tt ttt tte ee aseay 
| 6 -2eq) (p) | (o) | (o) | (m) | (m) | (m) |6°% |S -ge|"***|****\o-£z/"** "|g -SzlS ‘SPlo-e lo -Sz/S -E€lo -eElz “SEIS “O9|S -g Jo-1E|S GEIS Of] +--+ ++ - sows teeter teeter rete eee ee 0’T 
| | [pte‘lotrxjosgs|-0e- | sheets eelg cex|$ gEl--" "15+ |S -vrlo-G |g -gz|S -SS|S +1 low |S -E¥|S GrIL -E¥|S -OS|o -Szlo -zb|S YSIS “OS|-- +--+ e-eeeeee eee e terete ee eeeee s00puy 
5 | gor 86 Buagi ee sbesbe-leg stel---/ lb lon ge 45)" [selon ges ge 8 Stl oxls uals ppl ooosoo sooo ae 
‘| | | | 7A 'N ‘8oeq3] 
iC) | o-lt) g°L g-giv fz'g 61/h -12 1 “01/5 -oS|--*-|--*° ihe whee 8 aie! GEIS *cS/S 1 lo“ |€ -GEIE -geiE -ob|S “WSIS -6z/g -OF/4 “Sbig Obj" "sn Tete eee eee aaelaay 
nd vor |S +L IS -LE|"---|"--- ieee ** "| aE |S “92° 9 6x\0 -Lb|--*-|"--- |S -6z|S «rele -t¥|5 -2S|S -6blo-1¢ 0 -c5|5 “1 PPOTTOLTTT TTT rer TTT TTT MOT 
| gee x °Er/S *SS|*---|--°- seeslesesle -Orlg GEl- $ -6zlo-gS\s **+ lo -gblo “LE\g -9£|S -19|0 -£ lo -z¥ 0 -z¥lS we Ce eereeressereccvcceesceseseesees Joopuy 
| j 11g & -an|S gS|--**]-°*[-+--[ “65 |S -9e|- eefee +++ *)L SzlS -zS|-+*-lo-6 |S -omlS 92/6 -ob|S -6bjo -g£|S -6z\o-£b|S -gh|-- sso es eters etter ee sunenpNHLy 
| is -otle ole wel SS wee ee 
nso | OC PNV OFT -oFIE HEY “HEIL “SE Ie -g1/S “of ig ‘S jo -WIIg 61/8 oF € 6/0 -gf\e gle -of}o “Seie -Le|6 WHIL -¥S/S -gfig -oblo -gb|S “Whig -1S|0 “ES|E -15|S -6S|E <ghlo-GH)--- = 7 sees tees sete eee tere ee aseiaay 
S | | foceae orn ra 
od | 1 *£¥q\€ 61) (pv) °-6 | “61 |o -of/o 6x (v) | (0), (2) (v) (v) (0 © -0S|0 *gS|S -z¥lo -L¥lo -1S|S 1S |p -SS|S -ES|S -zb|S -£L/5 -L¥\0 0g Come meee eres eases eerseeeeseesseeses M0°T 
S | S-1f |le-r s- secsisoe" ¢ Ot bp ZO *BE|O “QI lo “ZS -1£/S -E£/6 “EV|S “GVO -ZHIS “HEIo “LIS “I1V/€ -1S|0 “L¥/O “IS|S “OSlo SiO -WS|"** "ss st etter etter eens soopuy 
3 1 LE |$ -62 S$ -og/S -g [° Felo “Leis “gelx elo GEIS OES -I615 gro -relg MIS gS\o-1Slo Flo OF15 orig -ghIS “G5IS ~ODIS EIS “LEO “FE EARP AE MOE SE SA EG AY eee ZujeNnwNYy 
oe : —= —|——— } 0) 'N ‘psedeg yog 
Tg¥jo"k j1-9 oe 6 -o1lL VS] - == |-- 2 fee ee lee ele ag $ Oz)-***}°°* "|S orle -x ig -1Z/€ QW)" **-le-z jo -SEIE QZIE -6zio “WSlz W |e -Ezig WEIS “OF|--- sss te ttt e tee eres asBlaaAy 
_™-: | —_—_|—_ ‘| 
S$ | | “- e-11}0-98}"°°*]-°*-]----|--**I5 og fovee|-|----lo-gr|s-¢ grfclo-Ss|----|S- |s -gelo-Szlp -Szlo -oS|--* “|S -gtls oglo-ge| "soto teeter terete ttt e ees MO’y 
= 9°8 €-11/S “9S pescicoeeing M G6l"***l>*° "iene L-fzlo wel: ls -x 10 *6El0 Ele -of|S -gS|"-- “Jo -gzis -eg|S -x£ Poem error rest oseeeersesesessssese soopuy 
RS) | 6 QI |€ -o1/S -IS}"***|-**- srespees teh OEE osteo iS ee 1S + Ig LTO OW)" "* “IS “1 IS -Lelo “OZ/E -cE/S “ES|S eL]o “Eels cyjO-EE|* "ose e tte ee BuIZeN PNT 
= | == . oe “III ‘sepung 
2 cers ss ees whe © OG OS|* "|e o |e -- slo - IS orig Gels 1k w e-cril + £ -gzic -‘gviz- gt z -gf|f “SP |p -g£|L -zSlo -gelc “Szl¢ -geig GF Cee ee eereesreserseseseeeeeeseses aseiaay 
= | | | a 
SB | lo-£t |g +S |S -gel----|--°- vresleerelg ag [Sebels+-|--+ 15.6 |S +S |6-¥zlo-6P|----lonr |s -gelo-gE\z -gelo-gSlo-n |S -ex|g sels -ge|----s--s sce cc eee t eee et ete et eres eee MOT 
=x | | |€ “Se lO “ZrO Og)" ***|°* °° seeeless+le 6 lorr€l-++- +15 prl--+-lg -o€]S -L/S -o oS lo ovo “TQ /z -6r|S -ESlo -gh|S PHlo -6ylo “£5 Ce ee rrerreecerecvseececeeeseceese soopuy 
‘le £ -ot ae ae eeeehcccciecece gfrjo-r£|*---lo-w1]s -Sx/S -g €-€zlo-ebl---- gS lo of 0 6£|¢ -r1¢|5 -gblo -1£1S -gr/g -o¢|o “ge eee eee eee eee ee ee ee ZuyjEN WNIT 
= | | | “TPE ‘Joqsy uuy 
mo —_|- - — —_— - —| ———f | —__ Ee ae SS Oe a EEE 
$ 212 we! >| p wlalal . a 
| oe | @Q2| a! ww ° ~ 2:02 e212a 
= gig ge sloz/3i/8\8| sis RP Ce) were e/2/2 sie | 218) 8) 2 S 
S| FEE RR gee F\e\ eles SBR FEE RR ER E/E Bink ga E/E E 3 
S 2. | 5) Bis S = B g - E 
S| Bale age) SESS EE leg gee F) Elgg g be 2/2) 8 ee Fete | 2) Ege Eg 
& | 2 | BE) jes lesi el 2 “gl Sie |e! Pg iSiei2e2; eg” ig8lele! gi’ 
2 e|° Ee | 9 7 : = ¢ ; 
zi 2 | 3 Be pl &) gs 3 e ei 2 Fy plzig 2 p| = 2 a DOHpIPUOS 2inzesaduie} PUE ZUIOd aBBsO}S 
pests ee nae A Baad ie s . ; =| 5 § : S| : 
. Bi <a - ae — — ——— 
*sivaA S. 
¥ [Je Joy sainjesad =| B gab r 
-uia} € [fe 3e JouTey Ss 38a} Aep-gzr ‘v161 “4803 Aep-6er ‘e161 *3Sa3 Awp-ger “1161 “3803 Awp-Sir ‘o161 
-UOd Yea 10; adusaay > | 
5 
~ [, .WORNeVUIUtIs OU,, 3}eIPUl Siapea‘y] 
Ww 





syutog abvs04s smotsva yo sngoss snutg fo paas fo sabvjuaosag UO1NDUIMAIH— XT HIEV] 





“"SIBaA t JO] BIBIIAY g *‘UMOS JON o 





! | | | t 
vy S-1 lov LS E-g lo- -erlt ofle v gS o-r1lh-g L “Seid “g¥i0 8 Ler Sev diate Set oe tered Se 


aa 








g‘I S$ 61jo-LS\e- 0 -6z|€ -or! 2 -L1|S “ble vb]: 
“> 9 -gr/S -b9|S Sve) “lo-e loves 8 
“lL -L1|8 $$ “|S eels lo-ex|S -€5|5 -xb]- - teeeeeees 
a a +0 08|$ 0f|9 £¥ 0 -fLio-v S “LE (0 -g¥S “LS ci "oo ***" SUQeNQOn pT 
| —— — | oY ‘Besaqneny 
‘ex |p-t1lo “Ls le -gel**| *+++16-6 1S -£8|-+- "| +12 -6 v-fe2 6S\---\2- |g -g€|5 oz “° ocreccccesccceumpay 


—— | | ee) | : ove 5 4 for 099/01 ovis: |--- , vente eee ory 
S-er a Sleeece a Joe ee o]- . “ lo ££)" . “IS +g lv be O-gS|**-- 0 “t¥/0 “Sz: cove oe "t8*"***Joopuy 
et: Ie « “aS . | » alba clad tlle bo cd S-Sb S-t |: *|9‘Se|$ SS|°°--Jorn |S Slo -gf "oes s SOS pT 
===|——- . = = — | DAM ‘MBSIEAL 
6:2 |g #1 6- “61 g 61 | | gQ SEciL-1v/f- (€-griZ -Lz\s Gz | 0 “gf lo “chic “gti: --***: se Selecta alite 
| SS SSS ee See ee —_ 

6 *1Zq)S ° @guparT eubu re $ VE\S -e£lo -gz eee see sidetabi nete he 
oor 16 aees 6-61\0 6£ 0-1 oS jo -6z|s Sz § ‘S£\0 “eS\o “oS hihi: cho ite ** 2° ** *JOOpuy 
9-07 ig’ | o-L1o-Lcjo-Sb\"-* o Eis ad $ -of 0 *gt|S -1b/S -of = **Surjenjonyy 



































= = = | PB ‘aBa]JOD 3383S 
£ -61\1 -zf0-€£j1 -ze\s -£¢ 10 -oz/g “SSE } *€1/0 “S10 ‘ST/O “61 sie | pei seb sap oof Sale els ipo vo a i € -SSiz -eS\¢ ire teetce eae se 
| | S92 “gt \€-e1 ie : *SI|S of/0°g jo-g lo -1zlo -er/€ -gE|S -6P|S “L110 -££|§ -gblo SP S$ -1zjo‘1vio “1b Pstatdagsle snide cit 
| Sve \g-zx . ae ¥ -61/S -SE\S -L |S -exlo-€z|S -g1\¢ PHlo -LL|o-ee'S «cb |S -LElo-z¥/S -19| 0 “65/5 “£9/5 -19 eee : xy "8 *****s00puy 

| > 6£ is Elo -PS\o-1 lo -1¥\0 -6£\0 -6E|1 -zz\0 -Lz/0 “11S “of|o O*1Z/0 “12/6 “gE/S -gf|0 “gt G75 0 “z¥\0 of ° 10 *Eg/S -1g!0 “LS pat ’ “SEVEN NL 
| | :OYEP] ‘Ojfayeo0g 





| oh hat th | eon 




















ovis “gt DEL g otic -zf 6 -£E 9-0 4 Ft pe en ae a £-ez|S Vrio-e1 OSES Lele -Le.g -1£le -eE\¢ of L PPS -6YIL -oS 
| emma enatin | 
i 
| 











elt lg -or - } pidge La *Lt|"**"lo-E lo-E |*** "ig Qrlo -WHIO “Ss lo-S |S -Sx/S -€x S -gr\o 6£/s -££ 
jo \4 ov 5S cele -<ele: Lf 0 gris Selo -ctlo-ev'o -ttlo-fels -oxlt gels -oS|o-2€15 -6t/s of lo oF “ S$ -gSl@ -€S|S «co 
lg-ev aes “tvls é:fs -tvlo- Ivo -2S\9 -€z!o *€£\0 “Lt |o +1£|S -£1|S -61|1 -oS|o -gb|S -S¥lo -1$ S$ -SS|6 “SS 0 *LS\S -9Sjo “9S nee eee "BUREN T 

| ; HOIOD ‘AV SA 
‘fele-£ vl iv: Sy ‘ | 8°99 Lge jlo [Sex |S -S1je -Lb|--- eric SE £-e1|S -ge\S -gfic = sr ereess**S3BIIAYy 

| ‘lev ovr «[-*91§ 6 fo Go" °° +29 <p SE $ -£z|S -6z|S -zf\o- ei mE ain 

j | | . lo “or S -€f aon s+ oO *6¥)|-**-lo- io -efiZ -19 © °O1|S ‘PHO “OS 0 « iii tc : ss *****JOOpuy 

| 1€ “bx | €-g |S -z€}°°--]- “ory Crm Se °** $ -o1r/S -ge S- |S 11/0 -€£/S -zf|--- “o**Sanenzgonpy 
| 

| 











S 
& 
& 

Y) 
*) 
& 

— 

a] 
nH 
= 
Ss 
~ 
% 

—_ 
~ 
= 

,° 

~~) 

— 
Ss 
S 
— 
Ss 

~~ 

Y) 


“UUOD ‘WaABH MIN 
“6¥/So° So- 10 6 P lo- “oS 6-L \€ 6E Pee PP ire t-gt e oe €- Loe e $ els - suave ° ‘hee o3eAy 
S -ov +p ekx . ove . “ten ei6a ses wee 6 <u 
| . eoee | . ee eee io oS be . ‘lo Slo . cose . . 
| | ee ery eres o-gh efeee “lg -6r +91 pp 
| 

















yelp: atie-ge je -b1\S -gti--- £ -gx|S -€r/g -Lc/---* Lie gt? €-clig iv 6 “gr tgs 
} 
lo-1€ lg-reS- A ide oO -SElc pe on 0 -Izlo -6E|S -zS $ -gf\o tr 6-Ly S “vs 
ip ge \f-110 “LE $-9 |L-crlo-ve “Q1/S -Ez/S -gE\S -6¥lo “fVlo -SE\o “glo -Le|z «18 2°09 =e ex 
1S |§ 6 lo-n€]----]---- S-L 2 “e1/0 9 es “SI|S -oc|S “of |S -1¥ S “Seis -fv git “SS 0-09) ay : * Saenz 
i | | | | { “AN <mopouny 482fD 2Ae IT 
















































































508 Journal of Agricultural Research Vol. XXII, No. 9 





Various experiments with tree seed go to prove that storage at a 
uniformly low temperature (0° to 32° F.) is preferable to that at higher 
temperatures. It is easy to understand that at such low temperatures 
there would be little if any physiological activity of the seed and con- 
sequently little wasting of stored-up food and energy. Had the seed 
in this study been stored at such low temperatures it is very probable 
that it would have excelled in germination that stored at the other two 
temperatures. In this study, however, the seed was stored in basement 
or cellar where the summer temperature was doubtless fairly high. 
Moreover, as is usually the case in such locations, the atmospheric 
humidity was also doubtless high. The conditions, in fact, during 
summer were such as to be more conducive to physiological activity 
than under the fluctuating or indoor conditions of storage. Hence, it 
is reasonabe to suppose that there was more of such activity with the 
consequent deterioration of the seed. The lesson to be learned from this 
particular phase of the experiment is to avoid ordinary basements and 
cellars for storing seed in unsealed containers, and that in northern 
temperate climates storage indoors where the temperature never goes 
below freezing is preferable to storage where the temperature follows 
the natural variations. 


EFFECT OF GEOGRAPHICAL LOCATION 


Ordinarily, the seed dealer will perhaps have to store any seed which 
he possesses at his own establishment regardless of its location. It will 
be a matter of interest, however, to learn that some geographic locations 
seem much more suited for the purpose than others. For seed in con- 
tainers other than the sealed bottle, there was a very consistent superiority 
shown in the germination of that stored in some locations and a very 
consistent inferiority of that stored in others. Table III brings this out. 
Note, for instance, the consistently high relative germination of seed 
stored at Fort Bayard, Pikes Peak, Pocatello, and Lake Clear Junction; 
on the other hand, note the relatively low germination of seed stored at 
Dundee, Lawrence, New Haven, Warsaw, and Waukegan. These are 
averages for all containers. Knowing, now, that seed in air-tight bottles 
is not so much affected by adverse conditions as that in other containers, 
it is believed, accordingly, that it should not be considered in determin- 
ing the effect of the geographic location upon stored seed. The effect 
is better shown by the behavior of seed stored in the cloth bags. Using 
the averages shown in Tables IV to IX, it is found that the towns range 
themselves in the following order: 








| 

Average | | Average 
| germina- | o germina- 
| tion per- | tion per- 
| centage for | centage for 

all 4 years | all 4 years 
| of seed of seed 
| stored in | stored in 
cloth bags. | | cloth bags. 
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Fort Bayard stands out as an exceptionally favorable storage point, 
and Pikes Peak, Pocatello, and Lake Clear Junction follow it rather 
closely. On the other hand, New Haven, Dundee, Lawrence, Warsaw, 
and Waukegan seem especially unsuited as locations for seed storage in 
ordinary containers. There was not enough information collected in con- 
nection with this study to show the reason why some points give so much 
more favorable results than others. It seems probable that it is due to 
some climatic factor or factors which in turn have their effect upon the 
physiological activities of the seed. Fort Bayard, Pikes Peak, Pocatello, 
and Lake Clear Junction are in high altitudes, and the first three places 
at least experience conditions of low relative atmospheric humidity. 
Waukegan, Dundee, Lawrence, and Warsaw are middle western loca- 
tions of moderate altitude which experience severe temperature fluctua- 
tions and higher relative humidity than the first three locations men- 
tioned. During the summer when such changes would most affect seed 
in storage, New Haven experiences higher relative humidities than the 
middle western locations and severe climatic fluctuations are somewhat 
less marked there. Regardless of the reason, the study indicates that 
middle western points and perhaps Atlantic coast points should if possible 
be avoided as locations for storing coniferous tree seed in ordinary 
containers, especially for periods of several years. This conclusion for 
Atlantic coast points may not be entirely warranted as it is based on 
results at only one station. 

There is, however, comfort for those wishing to store seed in such 
locations when the germination of bottle-stored seed is examined. Based 
on the average germination percentage of such seed for all species and all 
years, the towns line up in the following sequence: 
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This tabulation indicates, and it can be corroborated by inspection of 
Tables IV to IX, that the bottle-stored seed in this study was not affected 
by climatic conditions at the points of storage. Two of the points, 
Dundee and Waukegan, which the study indicates were very unfavorable 
storage points when ordinary methods of storage are followed, appear in 
the case of bottle-stored seed to be among the most favorable locations. 
Here again the lesson is obviously to use air-tight methods of seed storage. 
The geographic location of the storage point will then be of little or no 
consequence. 








510 Journal oj Agricultural Research Vol. XXII, No 


RESULTS OE STORAGE AT END OF TEN YEARS 


Reference was made (p. 483) to the fact that some of the bottle-stored 
seed was carried over for another 5 years and then tested again. The 
seed so carried over was that of each of the six species which had previous- 
ly been stored at the indoor temperature at Dundee, Ill. Following the 
test during the winter of 1914, the bottles were resealed air-tight and then 
stored until January, 1919, on a shelf in the Forest Service office building 
at Washington, D. C. The 1914 test of these seed showed a germina- 
tion percentage of 71.5 for Engelmann spruce, 43 for Douglas fir, 61.5 
for lodgepole pine, 82 for western yellow pine, 74 for western white pine, 
and 56.5 for white pine. 

The test in 1919 was carried on for.167 days under the same conditions 
as in previous years. Engelmann spruce, Douglas fir, and white pine 
germinated not at all, while lodgepole pine germinated to the extent of 
9 per cent, western yellow pine 22 per cent, and western white pine 6.5 
per cent. Although the test was continued for 167 days, the lodgepole 
pine had completed its germination in 90 days, western yellow pine in 
75 days, and western white pine in 130 days. Due to the fact that 
these seeds were exposed to the air at the end of 5 years, although the 
bottles were afterwards resealed, this particular part of the experiment 
does not truly indicate whether seed can be successfully stored for 10 
years without great deterioration. It does give an idea of the relative 
sustained vitality of the species concerned. It has been rather apparent 
all through the study that as respects general sustained vitality, the 
species will rank in the following sequence, the more vital species being 


placed first: Western yellow pine, lodgepole pine, western white pine, 
white pine, Engelmann spruce, and Douglas fir. If the seeds were se- 
cured from different sources than those of this study, the sequence 
might be altered. 
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SUSCEPTIBILITY OF THE DIFFERENT VARIETIES OF 
SWEET POTATOES TO DECAY BY RHIZOPUS NIGRI- 
CANS AND RHIZOPUS TRITICI 


By L. L. Harter, Pathologist, and J. L. WEimER, Pathologist, Office of Cotton, Truck, 
and Forage Crop Disease Investigations, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 


Although Rhizopus nigricans Ehrb. has generally been regarded as 
the cause of the softrot of the sweet potato (Jpomoea batatas Lam.), 
Harter, Weimer, and Lauritzen' have shown by recent experiments that 
a similar decay may be caused by the following additional species of the 
genus: tritici Saito, nodosus Namysl, reflexus Bainier, delemar (Boid), 
Wehmer and Hanzawa, oryzae, Went and Pr. Geerligs, maydis Bruderl., 
arrhizus Fischer, and artocarpi Racib. Their investigations showed that 
in order to obtain infection with the different species it was necessary to 
incubate the potatoes at a temperature suited to the growth of the par- 
ticular species of Rhizopus with which they were inoculated. They group 
the different species into high, intermediate, and low temperature forms, 
R. nigricans Ehrb. and R. tritici, the two species concerned in the 
present investigations, belonging to the low and intermediate forms, 
respectively. 

The parasitism of the different species of Rhizopus was determined by 
them for the Yellow Jersey variety of sweet potatoes only. Although 
softrot occurs on all the varieties, it is the general belief that some of 
them are more resistant to decay than others. The Jersey type of sweet 
potatoes, for example, is recognized as a poor keeper, while some of the 
varieties grown in the South are thought to keep well in storage. The 
present investigations were conducted in order to throw more light on 
the relative susceptibility of a number of the commercial varieties to 
infection and decay by R. nigricans and R. tritict. 

R. nigricans was employed for the major portion of the inoculations 
because it is the species commonly found under storage-house conditions 
and seems to be responsible for most of the loss. R. tritici although not 
so common as R. nigricans is a very parasitic species, especially under 
artificial conditions. A comparison of these two species gives some idea 
of the results that may be expected from them, one requiring relatively 
low and the other one an intermediate temperature, or at least a tem- 
perature considerably above that recommended for the storage of sweet 
potatoes. 


METHODS OF EXPERIMENTATION 


The susceptibility to infection and decay by R. nigricans was deter- 
mined for the following varieties of sweet potatoes: Big Stem Jersey, 
Little Stem Jersey, Southern Queen, Porto Rico, Dooley, Georgia, Pierson, 
Dahomey, Triumph, Gold Skin, Haiti, Nancy Hall, Early Carolina, Yellow 





1 Harter, L. L., Weimer, J. L., and Lauritzen, J. I. THE DECAY OF SWEET POTATOES (IPOMOERA 
BATATAS) PRODUCED BY DIFFERENT SPECIES OF RHIZOPUS. /n Phytopathology, v. 11, m0. 7, P. 279-284. 
Literature cited, p. 234. . 1921. 
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Belmont, and Red Brazil. The parasitism of R. ¢ritict was determined 
for all the above-named varieties except the last four. 

The mechanical operations involved in carrying out these experiments 
are identical with those previously employed ' and will not be discussed 
here. The potatoes inoculated with R. migricans and R: tritici were 
incubated at temperatures of from 20° to 22° and 30° C., respectively, 
these temperatures having been found in previous exp¢timents to be 
favorable for the growth of these two organisms. Records of the per- 
centage of infection and of the progress of decay were made at the end 
of 48 hours after inoculation and every day thereafter to the close of the 
experiment. The experiments were allowed to run for from four to six 
days. 


EXPERIMENTAL DATA 


The results of the inoculations of the different varieties of sweet pota- 
toes with R. nigricans are shown in the following table. The figures in 
columns 1 and 2 were obtained by taking an average of the results of the 
several experiments. ‘The data presented in the second column are based 
on an estimation of the percentage of the total amount of decay when 
the experiments were terminated. 


TABLE I.—Percentage of sweet potatoes infected and the estimated percentage of decay at 
the end of the experiment 


1} | } 
Percent- || | Percent- 
Per- ageol || Per- | age of 
cent- decay || cent- | decay 
age at the age at the 
of end of of | endof 
iniec- the infec- | the 
tion. experi- tion. | experi- 
ment. ment. 


Variety, Variety. 


| 
| 
\| 
| 
\| 
i| 
| 
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Porto Rico Re! SAAN BROIR, Sioa Seale 28 
Big Stem Jersey.......... 38 |) Florida 40 
CO re oe oe 7 | 95 
Pe ree rz 93 
Gold Skin MET oa icici veces ooo gem 53 
Little Stem Jersey........ Southern Queen............ 23 
Georgia | 3 || Yellow Belmont 93 
Rarly Carolina. «...5..: 6.5 | Al MN i aialotax do x05 ic eienielns 98 











The results show that a large percentage of the potatoes became infected 
by the method employed. There were cases, especially among the more 
resistant varieties, where only a very small amount of the tissue about 
the well decayed. In view of this fact it was frequently difficult to decide 
whether infection had actually taken place or whether the small amount 
of decay was due to an enzym in the inoculum at the time the inocula- 
tions were made. The writers finally decided to regard as infected all 
potatoes which had been softened for 1 cm. or more beyond the margin 
of the well. It is not unlikely that the percentage of infection of some 
of the varieties, especially those which resisted further decay, was actu- 
ally placed too high by this method. 





‘Harter, L. L., Wemer, J. L., and ApaMs, J. M. R. SWEET-POTATO STORAGE-ROTS. /n Jour. Agt. 
Research, v. 15, no. 6, p. 337-368, pl. 21-27. 1918. Literature cited, p. 366-368. 
Harrer, L. L., Wermer, L,., and Lauritzen ,J. I. op. cit. 
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Although it was easy to estimate the relative amount of decay between 
very susceptible and very resistant varieties, it was more difficult to 
determine the percentage of total decay at the end of a given time. The 
percentage of the entire potato that would be decayed at the end of a 
certain number of days depended to a considerable extent on the size 
and shape of the potatoes. Naturally a larger percentage of a small 
sweet potato would be decayed in a given time than of a large one; also 
a short to nearly spherical potato would be completely decayed sooner 
than a long, cylindrical one. As to shape, the potatoes differed greatly. 
The potatoes of some varieties were short and chunky, while others were 
long. In view of these facts the writers wish to emphasize the danger of 
putting too much reliance on small differences. The results, however, 
show some wide differences which the authors believe to be a fair estimate 
of the relative susceptibility of the different varieties. 

With respect to their susceptibility to decay by R. nigricans, the dif- 
ferent varieties of sweet potatoes can be divided roughly into three 
groups as follows: 1, very susceptible; 2, quite resistant; and 3, inter- 
mediate. To the first belong Gold Skin, Little Stem Jersey, Georgia, 
Early Carolina, Red Brazil, Haiti, Yellow Belmont, and Dooley; to the 
third group belong Porto Rico, Big Stem Jersey, Triumph, Pierson, 
Florida, and Dahomey; and to the second, Nancy Hall and Southern 
Queen. As might be expected, a considerable variation exists between 
the different varieties of a single group. Furthermore, there is no sharp 
line of separation between the more resistant and the more susceptible 
varieties of two contiguous groups, the differences frequently being no 
greater than that which exists between varieties of the same group. 
The Gold Skin is by far the most susceptible variety studied, decay be- 
ing completed considerably in advance of that of any of the other vari- 
eties. The Little Stem Jersey is likewise very susceptible and with the 
iGold Skin stands out conspicuously as regards the rapidity with which 
t decays. The Big Stem Jersey, a variety grown extensively in 
the northern range of the sweet-potato belt, decays fairly rapidly and 
completely, and must be ranked high as a susceptible variety in the 
intermediate group. Nancy Hall and Southern Queen are the only 
representatives of the resistant group. Although the table shows a high 
percentage of infection, the amount of decay was always small, and 
within the limits of these experiments they must be regarded as much 
more resistant than any of the other varieties. The Florida is the only 
other variety that approximates these two in resisting decay by R. 
nigricans. 

Although the object of these experiments was primarily to determine 
the susceptibility of the different commercial varieties of sweet potatoes 
to decay by R. nigricans, one single set of inoculations was made with 
R. tritici, using the same varieties with the exception of the four already 
mentioned. R. tritici was found to be parasitic on all the varieties. 
One outstanding fact as a result of these experiments seems to be that 
the Nancy Hall and Southern Queen, varieties which are especially re- 
sistant to R. nigricans, are rather susceptible to decay by R. tritici. A 
further comparison, therefore, was made of the relative parasitism of 
these two species on Nancy Hall and Southern Queen, using the Little 
Stem Jersey, a very susceptible variety, as a control. 

After inoculation of the three varieties in the usual way with R. 
tritict and R. nigricans they were divided into two lots. One lot was in- 
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cubated at 30° C., a temperature favorable for R. éritici, and the other 
lot at 20° to 22°, a temperature favorable for the growth of R. nigricans. 
None of the potatoes inoculated with R. nigricans and incubated at 30° 
became infected, showing that this temperature is unfavorable to in- 
fection by this fungus. On the other hand, all those inoculated with 
R. tritici became infected and were completely decayed in three or four 
days. A direct comparison of these two organisms at 30° was therefore 
impossible. The percentage of infection as well as the total amount of 
decay of all three of these varieties by both organisms when incubated 
at a temperature of 20° to 22° for seven days is shown in Table IT. 


TABLE IL.—Percentage of infection and estimated percentage of decay of three varieties of 
sweet potatoes by R. nigricans and R, tritici after seven days at 20° to 22° C. 


Percentage | Percentage 
otinfection.) of decay. 
| 


Variety Organism. 


Southern Queen... 608s. walt. I , OIMCUS sos. oe asin tect 70 | 15 
OMNI «Pca Bsbsis 5 cunisig his eon’ 100 | 85 

OT re { OUOOINES 515 costaurs ug gw weg oleae 80 | 40 
SUMNER: 65 ec nd G Hie voters 95 | 1900 

Little Stem Jersey........ Re a) ea or were ten oF eae 100 | 80 
PME 5: 653 TANT Cie OSA 100 | 100 


An examination of this table shows that at this temperature the Little 
Stem Jersey variety was decayed much more readily than either Nancy 
Hall or Southern Queen, by both organisms. However, decay was much 
more rapid by R. ¢ritict than by R. nigricans, being completed by the 
former in three to four days and not quite completed by the latter in 
seven days. The potatoes of the Nancy Hall and Southern Queen varie- 
ties were 100 and 40 per cent and 85 and 15 per cent decayed by R. tritici 
and R. nigricans, respectively, at the end of seven days. A comparison of 
the three varieties shows that the estimated amount of decay caused by 
R. nigricans at the end of the experiment was about 15, 40, and 80 per 
cent for Southern Queen, Nancy Hall, and Little Stem Jersey, respec- 
tively. The total amount of decay caused by R. tritict, on the other hand, 
was 85, 100, and 100 per cent, respectively. The results therefore show 
that the Little Stem Jersey is quite susceptible to decay by both species, 
while Nancy Hall and Southern Queen are very resistant to decay by 
R. nigricans only. The percentage of infection of the Nancy Hall potatoes 
was 95 and 80 by R. ¢ritici and R. nigricans, respectively, while the 
Southern Queen potatoes were 100 and 70 per cent infected by the same 
organisms. On the other hand, Little Stem Jersey potatoes were 100 per 
cent infected by both species. 

These results indicate what occurs at temperatures of 20° and 30° C. 
under the conditions existing in these particular experiments. A tem- 
perature of 30° proved to be too high for R. nigricans and 20° to 22°, while 
not optimum for either organism, is probably more favorable for decay 
by R. tritici than by R. nigricans. On the other hand, if a much lower 
temperature had been employed it would have been more favorable to 
R. nigricans but less favorable to R. tritici. The results, however, do 
show a considerable difference in the three varieties with respect to their 
relative susceptibility to decay by the two species of Rhizopus at the 
temperatures tried. 











See 
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SUMMARY 


(1) R. nigricans is parasitic on the following varieties of sweet potatoes: 
Porto Rico, Big Stem Jersey, Triumph, Pierson, Gold Skin, Little Stem 
Jersey, Georgia, Early Carolina, Nancy Hall, Florida, Red Brazil, Haiti, 
Dahomey, Southern Queen, Yellow Belmont, and Dooley. R. tritici was 


found to be parasitic on all the above-named varieties except Early Caro- 


lina, Florida, Red Brazil, and Yellow Belmont, on which it was not tried. 

(2) With respect to their susceptibility to decay by these two species of 
Rhizopus, the varieties can be separated roughly into three groups—first, 
those that are very susceptible; second, those that are very resistant; and, 
third, those that are intermediate between the first and second. To the 
first group belong the Gold Skin, Little Stem Jersey, Georgia, Early Caro- 
lina, Red Brazil, Haiti, Yellow Belmont, and Dooley; to the second, 
Southern Queen and Nancy Hall; and to the third, Porto Rico, Big Stem 
Jersey, Triumph, Pierson, Florida, and Dahomey. 

(3) Nancy Hall and Southern Queen, the two most resistant varieties, 
were more susceptible to decay by R. tritici than by R. nigricans at a 
temperature of from 20° to 22°C. Neither of these varieties, however, 
decayed as readily as the Little Stem Jersey under similar conditions and 
used as a control. 

(4) The results of these experiments show that all the varieties tried 
(16) are more or less susceptible to decay by R. nigricans but that there 
are some varietal differences. Likewise, the results show that those 
varieties which decayed most readily under the conditions of these 
experiments are the ones which have been observed to decay most readily 
under commercial storage-house conditions, 
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cristatum, resistance to aeciospores of Puc- 
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MICROSCOPIC STUDY OF BACTERIA DEFICIENCIES OF CORN........... 139-149 
SCR no cidccecniinnide cevvscnddvashs 93-100 | Oak, white. See Quercus alba. 


Miller, Harry G.: FURTHER STUDIES 
ON RELATION OF SULPHATES TO 
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Mold, blue. See Penicillium expansum. ; 
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of Chimese cabbage .............ecececees 173-178 
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ee eee 123-124 
Mulberry. See Morus rubra. 

Multiceps multiceps, hemotoxins........... 382-432 


Mumford, F. B., Hogan, A. G., and Salmon, 
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alpestris, failure to become infected from 
basidiospores of Puccinia rubigo-vera... 152-172 
arvensis, failure to become infected from 
basidiospores of Puccinia rubigo-vera... 152-172 
palustris, resistance to teliospores of Puc- 
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sp., susceptibility to Puccinia triticina... 152-172 
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Necator americanus, hemotoxins........... 383-432 
Necosmopora vasinfecta, host selection... ... 191-220 
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Nitrates, effect on development on nodules 


CRIB: onde cnn cers andcetitebdaisdevct 18 
Nitrogen, effect of soil temperature on assim- 
Mathew: Wr MANGR, « oo o.oo s0dvnarer chin swiss 17-31 


Nodules, effect of soil temperature on devel- 
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Oncideres cingulata, host selection.......... 194-220 


Onion smut. See Urocystis cepulae. 
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spores of Puccinia trilicina.............-. 155-172 
Osage orange. See Toxylon pomiferum. 
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Palea of barley, ash content ............... 4337449 
PALE WESTERN CUTWORM (POROS- 
AGROTIS ORTHOGONIS MORR.)... 289-322 
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Pastinaca sativa, susceptibility to Puccinia 
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Pectinase produced by species of Rhizopus. 371-377 

Peleteria robusta, parasite of Porosogrotis or- 
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Pemphigus betae, carrier of cortictum vagum... 50-52 

Penicillium— 


expansum in corn meal .................- 185-188 
lateum in corn meal ............0s0sceees 185-188 
oxalicum in corn meal.............0.00005 185-188 
POG ois cccsrccevcsecccccseczes 185-188 
sp. on pitted grapefruit.................... 277 
Penta-acetyl-quercetin in maize............. 3-3 
Perilitus eleodis, parasite of Embaphion muri- 
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Purshii, resistance to teliospores of Puccinia 
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tanacetifolia, resistance to teliospores of Puc- 
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solitaria, cause of apple blotch ............. 











Oct. 1-Dec. 3, 1921 





Index 





523 





PHYSIOLOGICAL STUDY OF GRAPE- 
FRUIT RIPENING AND STORAGE, 
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Pine— 
lodgepole. See Pinus contorta. 
western white. See Pinus monticola. 
yellow. Pinus ponderosa. 
Pine beetle. See Dendroctonus monticolac. 
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contorta— 
host of Dendroctonus monticolae........ 189-220 
storage of seed... 0.0... ccc ccc ee eee eeee 481-510 
monticola— 
influence of period of transplanting on 
growth of seedlings. .................5. 33-46 
storage of seed..........c.ccececeeecese 481-510 
ponderosa— 
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Plum, Japanese. See Prunus triflora. 
Poa nemoralis var. firmula, host of Puccinia 


eccdbccedencecocunesvebosessesece 164-172 
Poplar, yellow. See Liriodendron tulipifera. 
Porosagrotis— 
delorata. Syn. Porosagrotis orthogonia. 
orthogonia— 
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economic importance. ...............55 305-306 
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Potato— 

Irish. See Solanum tuberosum. 

sweet. See /pomoea batatas. 
Potato tuber-rot, blackleg................0.5 81-92 


Prosopis juliflora, host of Cyllene crinicornis.. 
Prunella vulgaris, susceptibility to Puccinia 
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orchard spraying on transportation rots.. 471-477 
temperature on damage from rots 452-465 
Prunus triflora, host of Phullosticta congesta. 365-370 
Pseudotsuga taxifolia, storage of seed 
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cia on Ranunculaceous hosts........... 154 
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eevee 165 
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glumarum, on wheat...............00005 151-172 
graméinis, on wheat .........0eceeeeeeeees 1SI-172 
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triticina, aecial stage .............6000e00e 1sI-172 
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montana, host of Puccinia bromina....... 154-172 
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basidiospores of Puccinia rubigo-vera.... 152-172 
Pyrus coronaria, organic acids ............. 221-229 
Pythium debaryanum, confused with causal 
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Quamasia hyacinthina. Syn. Camassia esculenta. 
Quercetin, in brown-husked maize .......... 1-31 
Quercus alba, host of Neoclytus capraea..... 210-211 
Rachis of barley, ash content. ............. 433-449 
Ragweed. See Ambrosia artemisiifolia. 
Ram, relation of age to fertility............ 232-233 
Ranunculus— 
susceptibility to Puccinia triticina ....... 152-172 
aconitifolius, resistance to teliospores of 
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acris— 
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lanuginosus, susceptibility to Puccinia 
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repens, susceptibility to Puccinia triticina. 152-172 
Read, J. W., and Sure, Barnett.: BIOLOG- 
ICAL ANALYSIS OF THE SEED OF 
THE GEORGIA VELVET BEAN, 
STIZOLOBIUM DEERINGIANUM .... 
Redbud. See Cercis canadensis. 
Red maple. See Acer rubrum. 
RELATION OF SOIL TEMPERATURE 
AND OTHER FACTORS TO ONION 
SMUT INFECTION 
Rhamus— 
cathartica, failure to become infected from 
basidiospores of Puccinia rubigo-vera.... 152-172 
Frangula, failure to become infected from 
basidiosporesof Puccinia rubigo-vera.... 152-172 
Rhizoctonia solani, similarity to Corticium 
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Yellow pine. See Pinus ponderosa. 
Yellow poplar, See Liriodendron tulipifera. 








